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Fig.  1.  Corn  leaves  showing  nutrient  deficiency  symptoms.  {Bottom  to  top) 
Nitrogen  deficiency,  phosphorus  deficiency,  potassium  deficiency  probable 
magnesium  deficiency,  healthy  leaf.  (Courtesy.  A.  C.  Richer,  L.  L.  Huber,  and 
B.  L.  Seem  and  the  Pennsylvania  Agricultural  Experiment  Station.) 
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A  new  revised  edition  of  "Commercial  Fertilizers"  is  again  required.  The 
five  war  years  that  have  transpired  since  the  writing  of  the  third  revised  edi¬ 
tion  of  this  book  have  been  a  period  of  great  change.  During  this  period 
research  and  experimentation  in  the  fields  of  plant  nutrition  and  fertilizer 
practice,  while  making  some  progress  at  some  institutions,  came  to  an 
almost  complete  stop  at  others.  The  fertilizer  industry  was  forced  by  war 
conditions  to  make  revolutionary  adjustments  and  curtailments.  Some 
fertilizer  materials  that  were  formerly  found  on  the  market  disappeared 
from  the  market  early  during  the  war  period  and  can  now  no  longer  be 
obtained.  Whether  these  materials  will  again  appear  on  the  market  is 
at  present  problematical. 

During  the  war  period  the  nitrogen  fixation  capacity  of  the  nitrogen 
fixation  plants  of  the  United  States  was  increased  many  times  as  a  war¬ 
time  necessity,  and  this  fact  will  no  doubt  have  an  important  bearing  on 
the  nitrogen  consumption  picture  in  this  country  in  the  immediate  post¬ 
war  years.  Also,  during  the  War  period  the  American  potash  industry  suc¬ 
cessfully  expanded  production  to  fill  the  wartime  needs  of  this  country  for 
potash. 

Regardless  of  wartime  restrictions  on  publication,  considerable  new 
research  information  concerning  plant  nutrition,  fertilizer  practices,  and 
fertilizer  manufacture  has  been  published  during  the  last  five  years.  From 
this  wealth  of  new  published  information  I  have  selected  much  that  is 
suitable  for  the  present  edition  of  this  book.  Its  incorporation  in  this 
edition  has  made  necessary  the  modification  of  many  statements  given  in 
the  third  edition  and  the  rewriting  of  many  paragraphs  and  sections  of 
chapters.  One  new  chapter  on  ammonium  nitrate  has  been  added  for, 
since  the  writing  of  the  third  edition,  ammonium  nitrate  has  come  on  the 
market  in  large  tonnages,  and  it  bids  fair  to  become  a  leader  in  its  field. 

Because  production  and  consumption  figures  for  recent  years  for  some 
countries  and  states  have  not  been  published  or  are  not  yet  reliable,  and 
because  I  felt  that  many  conditions  as  they  existed  during  the  war  years 
were  not  normal,  I  have  purposely  used  as  illustrative  material  in  many 
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chapters  the  statistics,  situations,  or  practices  that  prevailed  in  the  normal 
years  just  prior  to  the  outbreak  of  World  War  II. 

It  is  my  hope  that  this  fourth  revised  edition  will  prove  of  even  greater 
value  than  the  three  former  editions  for  use  in  the  classroom,  for  use  on  the 
farm,  and  for  use  in  the  fertilizer  manufacturing  plant. 

Gilreart  H.  Collings 

Clemson  Agricultural  College 
Clemson,  South  Carolina 
June  1,  1946 
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This  book  has  been  written  in  an  attempt  to  satisfy  a  definite  need  in 
the  agricultural  colleges  for  a  textbook  on  commercial  fertilizers.  Courses 
dealing  with  the  subject  already  occupy  a  position  of  major  importance 
in  the  curricula  of  the  agricultural  colleges  in  the  southeastern  states  of  the 
United  States,  and  it  now  appears  that  they  are  destined  to  become  of  equal 
importance  in  the  curricula  of  most  of  the  agricultural  colleges  in  the 
states  east  of  the  hundredth  meridian,  as  well  as  in  the  Pacific  Coast  States. 

The  text  is  the  outgrowth  of  the  author’s  sixteen  years  of  experience  as 
an  experiment  station  agronomist  and  teacher  of  soil,  fertilizer,  and  crop 
courses  at  the  Clemson  Agricultural  College.  For  a  number  of  years  the 
subject  matter  included  herein  has  been  presented  to  classes  composed 
largely  of  juniors  and  seniors.  It  is  assumed  that  the  students  who  take  this 
course  have  already  had  courses  in  Agronomy,  Botany,  Chemistry, 
Geology,  and  Soils,  and,  therefore,  are  familiar  with  the  vocabularies  of 
these  subjects. 

The  manufacture  and  use  of  commercial  fertilizers  has  progressed  with 
the  development  of  the  science  of  plant  nutrition.  The  fertilizer  industry 
is  about  a  hundred  years  old  and,  although  it  is  passing  through  a  wide¬ 
spread  readjustment,  it  will,  undoubtedly,  continue  to  be  one  of  our  basic 
industries.  Knowledge  concerning  plant  nutrition  has  expanded  rapidly 
during  recent  years  and  as  a  result  many  former  concepts  of  plant  nutrition 
have  been  greatly  modified,  thus  making  necessary  important  changes  in 
fertilizer  practices  and  recommendations. 


Insofar  as  possible,  it  has  been  the  aim  of  the  author  to  give  actual 
research  findings  or  data,  especially  in  the  presentation  of  controversial 
subjects,  in  order  that  the  student  may  make  his  own  deductions  and 
formulate  his  own  conclusions. 

The  author  is  especially  indebted  to  a  large  number  of  research  workers 
m  this  and  in  other  countries  for  much  of  the  data,  points  of  view,  and 
ustranons  that  appear  in  the  following  pages.  He  is  also  indebted  to 

•  7  af0I!0miStS’  chemists>  and  engineers  who  are  connected  with 
ous  fertilizer  companies  and  associations.  Each  chapter  has  been  read 
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and  constructive  criticisms  made  by  authorities  connected  with  the 
organizations  producing  or  marketing  the  products  discussed.  Thus,  this 
book  represents  a  composite  of  the  opinions  and  conclusions  of  authori¬ 
ties  within  the  fertilizer  industry,  as  well  as  the  conclusions  of  experiment 
station  agronomists,  especially  in  the  fertilizer-using  territory  of  the 
United  States. 


Clemson  Agricultural  College 
Clemson,  South  Carolina 
June  1,  1934 


Gilbeart  H.  Collings 


Contents 


Preface  to  Fourth  Edition . vii 

4 

Preface  to  First  Edition .  ix 


Chapter  1.  Origin  AND  DEVELOPMENT  OF  USE  OF  COMMERCIAL  FERTI¬ 


LIZERS  .  1 

Chapter  2.  SOURCE,  PRODUCTION,  AND  USE  OF  SODIUM  NITRATE . 28 

Chapter  3.  Manufacture  and  Use  of  Ammonium  Sulfate . 51 

Chapter  4.  Manufacture  and  Use  of  Ammonium  Nitrate . 65 

Chapter  5.  Manufacture  and  Use  of  Synthetic  Nitrogenous  Ferti¬ 
lizers  . 73 

Chapter  6.  Sources  and  Uses  of  Organic  Nitrogenous  Fertilizers.  .  112 

Chapter  7.  Sources  AND  USE  OF  THE  MINERAL  PHOSPHATES . '  148 

Chapter  8.  Sources  AND  USES  OF  BONE  PHOSPHATE  AND  BASIC  SLAG .  .  .  172 

Chapter  9.  Manufacture  and  Use  of  the  Superphosphates . 181 

Chapter  10.  Use  of  Ammonia  Solutions  as  Sources  of  Nitrogen  in 

Mixed  Fertilizers .  910 


(chapter  11.  PRODUCTION,  MANUFACTURE,  AND  USE  OF  THE  POTASH  FERTI¬ 


LIZERS  .  29(5 

Chapter  12.  Fertilizers  Carrying  the  Secondary  Essential  Elements— 

Sulfur,  Calcium,  and  Magnesium .  271 

Chapter  13.  Fertilizers  Carrying  the  Rarer  Essential  Elements  .  .  .  301 

Chapter  14.  Fertilizers  Carrying  Elements  Not  Accepted  as  Essential 

for  Plant  Growth .  ^2^ 

Chapter  15.  ADJUSTING  SOIL  REACTION  AND  FERTILIZER  PRACTICE  TO  CROP 

Requirement.  . 

.  336 

Chapter  16.  Principles  Underlying  the  Purchase  of  Fertilizers.  !  '  351 

chap‘"  1 7-  Pe,nciples  Underlying  the  Use  of  Fertilizers  ,84 

Ch“P“r  '*■  ^cation  of  Fertilizers,  and  Their  Influence  on 

Germination  and  Seedling  Growth.  4  ,5 

Bibliography  . 

_  ’  ’  '  . . 475 

Index  of  Proper  Names 

c  . . 

Subject  Index 

. . . . 

XI 


Commercial  Fertilizers 


Fig.  2.  Thomas  Green  Clemson. 


American  farmer,  chemist,  engineer,  author,  and  diplomat,  vTiose  bequest  made 
possible  the  founding  of  Clemson  Agricultural  College,  and  whose  efforts  were  influential 

in  the  founding  of  the  Maryland  Agricultural  College  .  _  .  ,  ^  10,Bon,i 

Educated  at  the  Sorbonne  and  the  Royal  School  of  Mines  in  Paris  between  1828  and 
1831  and  later  United  States  Charge  d’Affaires  to- Belgium  (1844  to  1852),  and  Superin¬ 
tendent  of  Agricultural  Affairs,  United  States  Patent  Office,  I860  to  1861,  Clemson 
became  personally  acquainted  with  the  fundamental  chemical  and  plant  research  which 
led  .0  chTeSlfshment  in  Europe  of  the  practice  of  crop  ferrd.zat.on  w,th ,  chemrcaj 
salts  His  writings,  especially  those  that  appeared  in  the  American  Farmer  between  8 
and  1861  probably  did  more  to  focus  the  attention  of  the  American  agriculturalist  on  t 
benefits  toPbe^ derived from  crop  fertilization  than  did  the  writings  of  any  other  American 

°f  ''(ft  the  most  interesting  and  important  subjects  to  the ; 

rn.ir^e  rhe  means  of  keeping  up,  or  restoring  the  fertility  of  his  land,  and  that  ne  may 
not  work  in  the  dark,  it  is  essential  that  he  should  understand  the  nature  and  "  ts 
soils,  the  functions  of  the  plants,  and  the  operation  of  fertilizers.  -Rpt.  Com.  of  Paten  , 

P‘  There  can  be  no  civilization  without  population,  no  population  without  food,  and 
no  food  without  phosphoric  acid.”— Rpt.  Com.  of  Patents,  p.  172,  1859. 
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As  shown  by  archeological  research,  the  cultivation  of  crops  was 
begun  by  man  about  10,000  to  12,000  years  ago.  The  development  of 
this  art  by  early  man  was,  no  doubt,  soon  followed  by  the  application  to 
the  soil  of  animal  manures  and  other  materials  for  the  purpose  of  increas¬ 
ing  crop  yields.  It  seems  reasonable  to  believe  that  the  first  husbandman 
not  only  observed  the  influence  of  the  droppings  of  animals  on  the 
growth  of  plants  but  also  made  practical  use  of  this  knowledge.  Among 
the  materials  first  utilized  by  man  for  fertilizers  were  animal  manures, 
bones,  wood  ashes,  wool  wastes,  guano,  fish,  chalk,  and  marl.  The  Celts 
(500  B.C.)  and  other  European  people  are  known  to  have  used  chalk  or 
marl  some  hundreds  of  years  before  Christ.  In  America,  the  first  white 
settleis  found  that  the  South  American  Indians  had  long  been  acquainted 
with  the  fertilizing  value  of  guano,  and  that  some  of  the  North  American 
Indians  used  fish  for  fertilizing  purposes.  Nevertheless,  the  extensive 

employment  of  fertilizing  materials  has  become  established  only  during 
the  last  100  years. 

Chemical  salts  which  contain  plant  nutrients  were  not  generally  used 

as  fertilizers  by  European  and  American  farmers  until  during  the  last 
85  years.  & 

Some  Early  Discoveries  Leading  to  Use  of  Chemical 
Fertilizers 


Ken  ne  K  1  ertUiZerS  probabl>'  dates  from  1665.  when  S 
Kenelm  Digby  wrote  that  he  had  increased  the  yield  of  crops  by  tf 

appl, canon  of  saltpeter.  Little  was  understood  concerning  the  principl, 

o  fern haanon  however,  until  1804,  when  Nicholas  Theodore  de  Saussur 

fact  I Trt  V JTed  thC  attenti0"  °f  the  sc*entific  world  to  tf 
e  as  i  ingredients  of  plants  were  taken  from  the  soil  and  th; 
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they  were,  in  the  main,  essential  for  plant  growth.  About  50  years  later, 
in  1855  and  1856,  Justus  von  Liebig,  a  German  chemist  of  the  University 
of  Giessen,  laid  great  emphasis  upon  the  necessity  of  supplying  plants 
with  phosphoric  acid  and  potash.  Liebig  had  proposed  his  now  famous 
mineral  theory  in  1840,  and  had  demonstrated  the  essential  nature  of 
potash  in  1845.  The  most  noted  American  chemist  to  support  Liebig’s 
mineral  theory  was  Thomas  Green  Clemson,  at  one  time  Superintendent 
of  Agricultural  Affairs  (l 860-1861)  of  the  United  States  Patent  Office. 
Clemson  wrote,  in  1856,  "The  application  of  guano  or  any  other  manure, 
because  of  the  presence  of  ammonia,  is  more  than  useless."  The  necessity 
for  supplying  plants  with  nitrogen  was  not  recognized  until  1857,  when 
Lawes,  Gilbert,  and  Pugh,  of  the  Rothamsted  Experiment  Station, 
England,  definitely  established  the  essential  nature  of  this  element. 

Materials  Used  as  Fertilizers  During  Nineteenth  Century 

Ground  bone  was  one  of  the  first  materials  to  be  sold  extensively  for 
use  as  fertilizer.  Bones  are  known  to  have  been  used  for  fertilizing  pur¬ 
poses  in  England  as  early  as  the  seventeenth  century,  and  a  commercial 
trade  in  bones  was  thoroughly  established  by  the  middle  of  the  nineteenth 
century.  Ground  bone  was  first  used  in  the  United  States  in  1825. 

Peruvian  guano  was  first  imported  into  the  United  States  in  1832  and 
into  England  in  about  1820.  Although  the  deposits  of  Peruvian  guano 
were  discovered  by  the  German  traveler  and  botanist  Humboldt  in  1802, 
the  fertilizing  value  of  guano  was  not  generally  recognized  until  about 
1840,  and  its  extensive  exportation  did  not  take  place  until  1843.  It  was 
about  this  time  that  the  Peruvian  government  began  its  exploitation  of 
the  deposits.  The  deposits  of  guano  were  consumed  rapidly,  for  in  1875  it 
was  estimated  that  there  were  only  about  2,000,000  tons  left  in  the 
deposits,  whereas  in  1840  the  deposits  had  been  estimated  to  contain  at 
least  12,000,000  tons.  The  annual  exportations  of  Peruvian  guano  showe 
a  steady  decrease  from  1875  to  the  end  of  the  century.  Although  the 
annual  American  consumption  of  Peruvian  guano  necessarily  diminished 
with  the  exhaustion  of  the  supply,  it  is  well  to  emphasize  the  fact  that  the 
extensive  employment  of  Peruvian  guano  as  manure  had  serve  a  very 
useful  function  in  introducing  to  many  American  farmers  the  new 

practice  of  crop  fertilization.  . 

Exploitation  of  the  Peruvian  (later  Chilean)  deposits  of  sodium  nutate 

was  begun  with  British  capital  in  about  1830,  and  during  that  year  the 
hist  small  importation  of  Peruvian  sodium  nutate  was  made  into  t  ,e 
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United  States  at  Norfolk,  Virginia.  Importation  of  Peruvian  sodium 
nitrate  into  Europe  was  begun  about  1831.  In  1850  nearly  240,000  metric 
tons  of  sodium  nitrate  were  shipped  out  of  Chile.  During  the  remainder 
of  the  nineteenth  century  the  use  of  sodium  nitrate  rapidly  increased  in 
popular  favor  among  farmers  in  both  Europe  and  America. 

By-product  ammonium  salts  were  first  produced  in  England  in  1840, 
but  the  development  of  the  by-product  coke  oven  did  not  take  place  in 


the  United  States  until  1893-  By¬ 
product  ammonium  sulfate  ap¬ 
peared  on  the  American  market  a 
short  time  later. 

The  German  potash  salts  were 
first  used  for  fertilizing  purposes 
about  I860,  and  the  exploitation  of 
the  German  deposits  of  potash  was 
begun  in  1861.  The  first  German 
potash  was  imported  into  the 
United  States  in  1869-70.  German 
potash  is  said  to  have  been  first 
used  by  an  American  agricultural 
experiment  station  in  1872.  During 
that  year  it  was  tested  on  the  farm 
of’ the  Pennsylvania  State  College. 
By  the  end  of  the  nineteenth  cen¬ 
tury  potash  salts  had  become  thor¬ 
oughly  established  in  the  fertilizer 
market. 

The  mining  of  phosphate  rock 


Fig.  3.  Sirjohn  B.  Lawes,  Founder  of 
the  fertilizer  industry.  (Courtesy,  Roth- 
amsted  Experiment  Station,  England.) 


was  begun  in  the  United  States  in  1868  and  in  North  Africa  in  about 
1899.  Basic  slag  was  first  produced  for  fertilizer  purposes  in  about  1880. 
It  was  first  used  as  fertilizer  in  England  in  1884  and  thereafter  gradually 
came  into  common  use  in  Europe. 

In  1839-1840  Baron  Justus  von  Liebig  demonstrated  that  the  fertiliz- 
mg  value  of  bone  could  be  increased  by  treatment  with  sulfuric  acid- 
an  idea  that  had  been  suggested  by  Escher  in  1835.  In  1842  Sir  John  B 
Lawes  took  out  a  patent  protecting  a  similar  treatment  of  ground  phos- 
phate  rock  with  sulfuric  acid,  and  in  1843  he  began  the  manufacture  of 
what  he  called  "super-phosphate”  at  Deptford,  England  and  made  a 
commercial  success  of  the  enterprise.  A  patent  coveting  a  similar  proce- 
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dure  was  taken  out  also  in  Scotland  and  Ireland  by  Dr.  James  Murray  in 
1842  but  he  failed  to  make  a  commercial  success  of  his  undertaking.  A 
second  plant  was  built  by  Lawes  in  1857.  In  1854  Edward  Packard  erected 
the  first  complete  superphosphate  factory,  that  is,  one  that  included 
sulfuric  acid  works.  In  1872  Lawes  disposed  of  his  fertilizer  plants  for 
about  $1,500,000.  It  is  from  this  period  that  the  commercial  fertilizer 
industry  of  today  had  its  beginning.  Sir  John  B.  Lawes  generally  is  con¬ 
sidered  the  founder  of  the  industry,  although  there  are  some  who  would 
confer  this  honor  upon  Baron  Justus  von  Liebig.  Superphosphates, 
which  probably  were  made  from  bones,  were  first  manufactured  and  sold 
in  the  United  States  in  1852. 

The  first  mixed  fertilizers  manufactured  in  the  United  States  for 
commercial  purposes  were  made  in  Baltimore  in  1849  by  Dr.  P .  S.  Chappell 
and  William  Davison.  During  this  same  year  fertilizer  factories  were 
erected  also  in  Germany.  By  1854  a  few  hundred  tons  of  mixed  fertilizers 
were  being  manufactured  annually  in  this  country,  largely  in  Richmond, 
Virginia,  and  Charleston,  South  Carolina.  Fertilizer  factories  began 
operations  in  a  small  way  in  Philadelphia  and  Baltimore  in  1855.  It  has 
been  estimated  that  in  1856,  20,000  tons  of  commercial  mixed  fertilizers 
were  manufactured  in  the  United  States,  but  it  is  interesting  to  note  that 
during  that  year  60,000  tons  of  Peruvian  and  Mexican  guanos  were 
imported  and  consumed.  In  I860  there  were  7  fertilizer  plants  in  opera¬ 
tion  in  the  United  States.  By  1880  the  annual  production  of  mixed 
fertilizers  had  increased  to  about  1,150,000  tons  and  by  1900  to  about 

2,000,000  tons. 

The  fertilizer  materials  available  on  the  market  in  1900  are  shown  in 
the  accompanying  table. 

Table  1 

Fertilizer  Materials  Available  for  Use  in  1900 


Nitrogen  Sources 

Phosphoric  Acid 

Potash  Sources 

Inorganic 

Organic 

Sources 

Ammonium  sulfate 
Sodium  nitrate 

Castor  pomace 
Cottonseed  meal 
Dried  blood 

Fish  scrap 

Rough  ammoniates 
Tankage 

Basic  slag 

Precipitated  phos¬ 
phate 

Superphosphate 
(then  called  acid 
phosphate) 

Kainite 

Manure  salts 
Potassium  chloride 
Potassium  sulfate 
Sulfate  of  potash- 
magnesia 

Founding  of  the  American  Agricultural  Experiment  Stations 

Founding  of  the  Rothamsted  Experiment  Station 

The  world-renowned  Rothamsted  Experiment  Station  was  founded 
by  John  B.  Lawes,  later  Sir  John  B.  Lawes,  on  his  estate  at  Harpenden, 
Hertfordshire,  England.  He  began  his  plat  tests  in  1837  and  in  1843 
associated  with  him  Henry  Gilbert,  later  Sir  Henry  Gilbert.  In  1889  he 
endowed  a  trust,  known  as  the  Lawes’  Agricultural  Trust,  with  about 
$500,000  to  carry  on  the  work  of  the  station.  This  sum  of  money  was  part 
of  a  fortune  which  he  had  amassed  from  the  manufacture  of  super¬ 
phosphate.  Lawes  died  in  1900,  and  his  collaborator,  Gilbert,  in  1901. 
Sir  A.  D.  Hall  succeeded  Gilbert  as  director  of  the  experiment  station  in 
1902,  and  Hall  in  turn  was  succeeded  in  1912  by  Sir  E.  J.  Russell,  who 
retired  in  1943.  Dr.  W.  G.  Ogg  was  recently  appointed  Director  of 
this  station.  The  station’s  activities  have  dealt  largely  with  soil  and 
fertilizer  problems.  In  1893  all  experimental  results  which  had  been  secured 
since  this  experiment  station  began  operation  were  published  in  six  vol¬ 
umes  known  as  the  Rothamsted  Memoirs.  Additional  volumes  have  been 
published  at  intervals  since  that  time.  In  1905  the  results  of  the  station’s 
work  were  published  by  Director  Hall  in  the  "Book  of  the  Rothamsted 
Experiments.”  Annual  reports  have  been  issued  since  1908.  Extensive 
contributions  to  the  subject  of  plant  nutrition  have  been  made  by  this,  the 
oldest  of  all  agricultural  experiment  stations.  The  fertilizer  industry  of  the 
world  will  always  be  indebted  to  the  Rothamsted  Experiment  Station  and 
to  the  men  who  have  directed  its  affairs. 


Founding  of  the  American  Agricultural  Experiment 
Stations 

A  testing  garden  established  by  the  Lords  Proprietors  on  the  Ashley 
River  in  South  Carolina  in  1669-70  appears  to  be  the  first  agricultural 
experimental  farm  to  be  established  in  America  for  the  purpose  of  im¬ 
proving  agriculture. 

In  1887  the  Hatch  Act  was  passed  by  the  United  States  Congress. 
This  act  called  for  the  establishment  of  an  agricultural  experiment  station 
in  every  state  in  the  Union.  Prior  to  this  time  there  were  in  existence  19 
state-suppoited  agricultural  experiment  stations,  but  sooner  or  later 
these  were  absorbed  by  the  stations  founded  as  a- result  of  the  Hatch  Act 
Collectively  the  state  agricultural  experiment  stations  have  conducted 
much  research  dealing  with  plant  nutrition,  and  soil  and  fertilizer  prob¬ 
lems.  In  fact,  the  American  fertilizer  industry  has  always  depended  largely 
upon  these  experiment  stations  to  determine  the  best  methods  for  using 
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the  industry’s  products.  Only  a  few  fertilizer  manufacturers  maintain 
research  organizations. 

Founding  of  the  International  Institute  of  Agriculture 

The  International  Institute  of  Agriculture  was  founded  in  1905  as  the 
result  of  a  conference  called  by  the  King  of  Italy  at  the  suggestion  of 
Mr.  David  Lubin  of  California.  The  purpose  of  this  organization  is  to 
collect,  compile,  and  disseminate  statistics  dealing  with  agriculture.  The 
organization  began  to  function  in  1909  and  has  achieved  noteworthy 
progress. 

The  Institute  publishes  several  reviews  which  cover  a  wide  range  of 
agricultural  subjects.  Information  concerning  the  utilization  of  fertilizers 
in  agriculture  is  published  in  a  monthly  known  as  the  "International 
Review  of  Agriculture.”  It  also  publishes  an  "International  Yearbook  of 
Agricultural  Statistics,”  in  which  may  be  found  statistics  representing  the 
production,  consumption,  and  trade  in  fertilizer  materials  in  all  the  leading 
countries  of  the  world.  It  has  been  the  custom,  every  few  years,  to  publish 
a  statistical  review  that  deals  with  the  world  trade  position  of  the  fertilizer 
industry.  Although,  as  pointed  out  by  Clark  and  Sherman  (1945),  this 
publication  has  its  limitations  in  a  survey  of  plant  food  production  and 
consumption  for  a  particular  country,  it  is  nevertheless  the  most  complete 
and  accurate  source  of  fertilizer  statistics  on  a  world-wide  basis. 

The  International  Institute  of  Agriculture  is  supported  financially  by 


Fig.  4.  Rothamsted  House.  The  home  of  Sir  John  B.  Lawes  on  his  estate  near 
larpenden,  Hertfordshire,  England.  (Courtesy,  Rothamsted  Experiment  Station, 

ingland.) 


Expansion  of  Fertilizer  Industry  During  Twentieth  Century 

most  of  the  leading  governments  of  the  world.  The  fertilizer  statistics 
compiled  by  this  organization  are  of  great  value  to  the  fertilizer  industry. 

Founding  of  the  International  Society  of  Soil  Science 

The  International  Society  of  Soil  Science  was  founded  in  Rome,  Italy, 
on  May  19,  1924.  The  hist  president  of  the  society  was  the  late  Dr.  Jacob 
G.  Lipman,  Dean  of  Agriculture  at  Rutgers  University  in  New  Jersey. 
The  purpose  of  the  society  is  the  encouragement  and  promotion  of  soil 
science  in  general.  This  is  accomplished:  first,  through  the  publication  of 
a  review  in  which  appear  the  research  findings  of  the  leading  soil  men  of 
the  world;  second,  through  the  establishment  of  a  central  office  for  soil 
science  literature  and  documentation  at  the  International  Institute  of 
Agriculture  in  Rome;  and  third,  through  the  organization  of  congresses 
and  conferences,  and  the  formation  of  sections  and  commissions,  to  study 
various  soil  problems.  The  accomplishments  of  this  society  have  proved 
of  distinct  value  to  the  world’s  feitilizer  industry,  as  well  as  to  agriculture 
and  science  in  general. 

Expansion  of  Fertilizer  Industry  During  Twentieth 

Century 

The  fertilizer  industry,  both  in  this  country  and  in  Europe,  continued 
to  expand  during  the  latter  part  of  the  nineteenth  and  the  early  part  of  the 
twentieth  centuries.  In  the  United  States  the  expansion  was  delayed  some¬ 
what  because  of  the  availability  of  enormous  acreages  of  virgin  land. 
In  time,  however,  as  these  virgin  soils  were  put  under  cultivation  and  as 
their  fertility  became  depleted  through  cropping  and  erosion,  the  fertilizer 
industry  made  a  substantial  growth.  Roughly,  the  adoption  by  farmers 
of  the  United  States  of  the  practice  of  using  commercial  fertilizers  has 
progressed  somewhat  proportionally  with  the  depletion  of  farm  lands 
from  the  Atlantic  seaboard  westward.  Today  there  are  several  states  whose 
expenditures  for  fertilizers  amounts  to  more  than  10  per  cent  of  their  total 
cash  farm  income. 

In  the  decade  prior  to  World  War  I  the  only  marked  innovation  that 
was  made  in  the  fertilizer  industry  was  the  development  by  German  chem¬ 
ists  of  economically  feasible  methods  for  fixing  atmospheric  nitrogen. 
Following  World  War  I  there  appeared  on  the  American  market  many 
new  synthetic  nitrogenous  fertilizers  and  also  new  fertilizer  materials 
containing  nitrogen  and  phosphoric  acid  and  nitrogen,  phosphoric  acid 
and  potash.  These  materials  were  of  both  foreign  and  domestic  manufacture’. 
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Fig.  5.  Monticello,  the  home  of  Thomas  Jefferson  on  his  plantation  near  the 
University  of  Virginia.  Concerning  this  farm  Jefferson  wrote,  "We  now  plow 
horizontally  following  the  curvature  of  the  hills  and  hollows  on  dead  level,  how¬ 
ever  curved  the  lines  may  be.  Every  furrow  thus  acts  as  a  reservoir  to  receive  and 
retain  the  water;  scarcely  an  ounce  of  soil  is  now  carried  away.  ...  In  point  of 
beauty  nothing  can  exceil  that  of  our  waving  lines  and  rows  winding  along  the 
face  of  our  hills  and  valleys.”  (Courtesy,  American  Potash  Institute.) 

During  the  first  third  of  the  century  the  exportation  of  phosphate  rock 
from  the  United  States  to  Europe  gradually  declined,  due  largely  to  the 
increased  production  and  exportation  of  phosphate  rock  from  the  North 
African  deposits.  Also  during  this  period  superphosphate  of  a  high  phos¬ 
phoric  acid  content  replaced  a  considerable  tonnage  of  superphosphate 
of  lower  analysis. 

The  present  American  potash  industry  had  its  beginning  during  the 
first  World  War  and  for  a  decade  following  the  war  it  passed  through 
many  vicissitudes.  The  domestic  production  of  potash  for  1931,  which 
was  derived  entirely  from  distillery  waste  and  the  brines  of  Searles  Lake, 
California,  amounted  to  63,880  tons.  The  discovery  of  potash  in  the 
Permian  basin  of  the  Southwest  in  1912,  and  the  successful  mining  which 
began  at  Carlsbad,  New  Mexico,  in  1931  has  succeeded  in  freeing  this 
country  from  dependence  upon  foreign  sources.  The  American  produc¬ 
tion  of  potash  during  1945-1946  was  about  890,000  tons. 


Expansion  of  Fertilizer  Industry  During  Twentieth  Century 


Table  2 

Fertilizer  Materials  Distributed  by  the  United  States  Govern¬ 
ment  Through  the  Tennessee  Valley  Authority  in  1942  to  1943 


Mixed  fertilizer  (mostly  0-14-14) . 

( short  tons) 
150,262 
1,217,143 
22,872 
39,545 
32,020 
8,037 
2,002 
1,061 
1,271 

Concentrated  (double)  superphosphate 

Other  phosphates  (mostly  calcium  metaphosphate) ... 

Total  . 

1,474,213 

Table  3 


Principal  Fertilizer  Materials  Sold  as  Such  by  Commercial  Agencies 

in  1942  to  1943* 


Material 

Continental  U.  S. 
(short  tons ) 

Total  U.  S. 
(short  tons) 

Normal  superphosphate . 

802,605 

803,056 

Nitrate  of  soda . 

753,724 

766,285 

Miscellaneous  phosphatesf . 

175,973 

178,428 

Sulfate  of  ammonia . 

140,362 

172,065 

Liming  materials . 

113,539 

113,618 

Cyanamid . 

59,183 

59,183 

Dried  manures . 

57,450 

57,450 

Concentrated  superphosphate.  .  .  . 

53,323 

53,323 

Muriate  of  potash  ...  . 

49,797 

52,855 

Miscellaneous  potash  materials  t . 

41,360 

44,931 

Miscellaneous  materials!  . 

29,800 

29,800 

Cottonseed  meal . 

28,217 

28,223 

Other  organics  .  . 

25,397 

25,397 

Other  chemical  nitrogenous  || . 

22,299 

22,330 

Kainit  and  manure  salts 

22,225 

22,225 

Bone  meal  ... 

17,509 

17,510 

Animal  tankage 

3,838 

3,838 

Totals . 

2,396,601 

2,450,517 

*  Estimated  to  be  95  per  cent  complete. 

t  Phosphate  rock  basic  slag  precipitated  bone,  ammonium  phosphate,  base  goods,  etc 
l ?  P°taSh’  mtme  °f  soda-P“«h,  ^d  ashes,  tobacco  stems  etc 

copp"  n’“8*— 

sJ8XeTo»i\x:::;t£:;cfish sMb“-  — ■ . 

II  Utamon,  Cal-nitro,  ammonium  nitrate,  ammonia,  etc. 
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A  very  significant  development  that  took  place  about  1930  in  the 
fertilizer  industiy  was  the  ammoniation  of  superphosphate.  This  devel¬ 
opment  allows  the  practical  use,  by  the  farmer,  of  cheap  forms  of  fixed 
atmospheric  nitrogen.  In  1943  ammonium  nitrate  came  on  the  market  in 
large  amounts.  Its  economic  impoitance  is  just  beginning  to  be  understood. 

The  distribution  of  fertilizers  by  government  agencies  was  started  in 
1935  as  part  of  the  "Test  Farm  Demonstration"  program  of  the  Ten¬ 
nessee  Valley  Authority.  The  fertilizer  distributed  has  been  largely  super¬ 
phosphate.  The  farmer  receives  the  phosphate  without  cost  other  than 
paying  transportation  charges  and  assuming  certain  obligations. 

The  principal  fertilizer  materials  sold  directly  to  consumers  in  the 
United  States  during  the  1942-1943  season  is  given  in  Table  3. 

The  present  world  consumption  of  the  principal  chemical  fertilizer 
nitrogen  products  is,  in  order  of  magnitude,  about  as  follows:  sodium 
nitrate,  ammonium  sulfate,  cyanamide,  cottonseed  meal,  calcium  nitrate, 
ammonium  phosphate,  ammonia  (anhydrous),  ammonium  nitrate,  and 
urea. 

Table  4 


Growth  of  the  Fertilizer  Industry  Since  1859 


Year 

Number  of 
Establishments 

Capital 

Invested 

Value  of 
Products 

1859 

47 

$  466,000 

$  891,000 

1869 

126 

4,914,000 

5,815,000 

1879 

364 

17,913,660 

23,650,795 

1889 

390 

40,594,168 

39,180,844 

1899 

422 

60,695,753 

44,657,385 

1909 

550 

121,537,451 

103,960,213 

1919 

600 

311,633,259 

281,143,587 

1929 

638 

.  . 

232,510,936 

1939 

764 

300,000,000 

185,684,328 

1944* 

1100 

325,000,000 

476,000,000 

*  Estimated. 


At  the  present  time  there  are  between  800  and  900  companies  in  the 
United  States  engaged  in  the  manufacture,  distribution,  and  sale  of 
fertilizers.  These  companies  operate  in  excess  of  1,100  plants.  American 
farmers  spend  about  $476,000,000  annually  for  fertilizers  and  approxi¬ 
mately  one-third  of  this  expenditure  comes  out  of  the  pockets  of  the 
cotton  farmers.  Table  4  shows  figures  compiled  by  the  Bureau  of  Census, 
United  States  Department  of  Commerce,  illustrating  the  growth  by  10- 


Expansion  of  Fertilizer  Industry  During  Twentieth  Century 


12 


Origin  and  Development  of  Use 


of  Commercial  Fertilizers 


Fig.  7.  Distribution  of  fertilizer  consumption  in  the  United  States  in  1943-  Each  dot  represents 

5,000  tons. 
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year  periods  that  has  taken  place  in  the  fertilizer  industry  since  1859- 
Capital  invested  in  fertilizer  establishments  increased  from  around  $466,- 
000  in  1859  to  about  $476,000,000  in  1944.  These  establishments  annually 
average  jobs  to  the  extent  of  20,000  and  a  peak  employment  of  several 
times  this  number. 

Our  domestic  plant  capacity  for  the  production  of  finished  fertilizers 
that  is,  those  compounded  plant  foods  which  contain  varying  quantities 
of  nitrogen,  phosphoric  acid,  and  potash  at  the  present  time  approxi¬ 
mates  12,000,000  to  14,000,000  tons  a  year.  Our  annual  production  in 
recent  years  has  been  between  8,000,000  and  12,000,000  tons.  Although 
between  1900  and  1945  the  consumption  of  fertilizers  in  the  United  States 
increased  about  26  per  cent,  the  plant  food  content  of  the  1945  con¬ 
sumption  of  mixed  fertilizers  was  about  39  per  cent  more  than  that  of 
1900. 

In  Table  5  is  given  the  average  fertilizer  consumption  of  the  United 
States,  by  states,  since  1910,  as  estimated  by  the  National  Fertilizer 
Association. 

Why  the  Use  of  Fertilizer  Became  Necessary 

Wide  variations  in  the  chemical  composition  of  soil  types  have  been 
noted  by  many  investigators.  Almost  every  soil  type  contains  limited 
amounts  of  one  or  more  of  the  nutrients  necessary  for  optimum  crop 
growth.  As  cropping  and  leaching  remove  from  the  soil  large  quantities 
of  plant  nutrients  few  soils  can  be  cropped  economically  for  more  than 
a  few  decades  continuously  without  requiring  supplementation  with  some 
essential  plant  nutrient.  In  addition,  erosion  losses  have  been  very  severe 
in  many  parts  of  the  country  and  in  some  sections  this  has  hastened  the 
time  when  the  use  of  fertilizers  became  necessary.  In  establishing  a  perma¬ 
nent  agriculture  in  any  community  the  maintenance  of  soil  fertility  tran¬ 
scends  all  other  considerations  and  can  be  accomplished  only  by  returning 
to  the  soil  those  plant  nutrients  which  have  been  removed  from  the  soil  by 
cropping,  leaching,  and  erosion. 

It  has  been  estimated  by  Baker  (1931)  that  250,000  tons  of  nitrogen, 
350,000  tons  of  phosphoric  acid,  and  3,500,000  tons  of  potash  are  lost 
annually  in  solution  in  the  drainage  water  from  the  soils  of  the  United 
States.  The  loss  of  nutrients  by  erosion,  especially  from  the  soils  of  the 
southern  and  southeastern  states,  amounts  to  many  times  that  lost  in 
drainage  water.  The  seriousness  of  erosion  has  been  recognized  from 
the  earliest  days  of  the  Republic.  In  1817  Thomas  Jefferson  wrote  minutely 


Consumption  of  Fertilizer  in  Tons  in  the  United  States  for  Selected  Years,  1910  to  1945 
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on  just  how  horizontal  or  contour  plowing  was  done  in  Albemarle 
County,  Virginia,  and  why.  It  is  well  to  recall  that  nearly  half  of  the  culti¬ 
vated  land  in  the  United  States  is  in  clean  cultivation,  and  is  in  a  region 
where  the  rains  are  of  a  torrential  nature.  Fippin  (1945)  has  reported  the 
annual  loss  by  erosion  per  acre  of  some  plant  nutrients  from  the  row  crop 
acreage  of  the  Tennessee  River  system  to  be  84.6  pounds  of  calcium,  97.9 
pounds  of  magnesium,  212.2  pounds  of  potassium,  13.0  pounds  of  phos¬ 
phorus — all  expressed  as  oxides — and  7.1  pounds  of  nitrogen. 

Bennett  and  Lowdermilk  (1938)  have  estimated  that  90,000,000  tons  of 
phosphorus,  potassium,  nitrogen,  calcium,  and  magnesium  are  contained 
in  the  soil  eroded  from  the  United  States  annually.  This  is  60  times  the 
plant  food  found  in  the  commercial  fertilizer  produced  annually  at  that 
time  in  the  United  States. 


Plant  Nutrients  Lost  by  Crop  Removal 

According  to  the  late  Dr.  Jacob  G.  Lipman  (1930),  Director  of  the  New 
Jersey  Agricultural  Experiment  Station,  cultivated  crops  removed  from  the 
soils  of  the  United  States  in  1927,  a  representative  year,  approximately 
32.5  pounds  of  nitrogen,  12.5  pounds  of  phosphoric  acid,  30.75  pounds 
of  potash,  and  13  pounds  of  lime  per  acre.  He  concluded  that  after  due 
allowance  is  made  for  the  nitrogen  returned  to  the  land  in  animal  manures, 
for  that  fixed  by  bacteria,  and  that  brought  down  by  rain  and  other 
atmospheric  precipitation,  there  was  still  a  net  loss  of  3,000,000  to  4,000,- 
000  tons  of  nitrogen  annually  from  our  300,000,000  acres  of  arable  land. 
Lipman  also  estimated  that  the  nitrogen  in  the  commercial  fertilizers 


,  8  Influence  of  complete  fertilizer  on  the  growth  of  cotton.  {Left)  Unfertilized. 
{Right)  Fertilized.  (Courtesy,  Mississippi  Agricultural  Experiment  Station.) 


Annual  Balance  of  Plant  Nutrients  in  Soils  of  the  United  States  for  1930 


p lant  Nutrients  Lost  by  Crop  Removal 
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replaced  less  than  a  tenth  of  that  lost  by  crop  removal  alone.  His  esti¬ 
mates  indicate  also  a  net  loss  through  crop  removal  of  nearly  2,000,000 
tons  of  phosphoric  acid,  of  which  less  than  half  was  returned  in  com¬ 
mercial  fertilizers,  and  a  net  loss  of  nearly  5,000,000  tons  of  potash  from 
this  cause,  of  which  only  one-fifteenth  was  returned  in  fertilizers.  Again 
in  1936  Lipman  and  Conybeare  estimated  the  net  annual  loss  of  nitrogen, 
phosphorus,  potassium,  calcium,  magnesium,  and  sulfur  from  the  soils  of 
the  United  States.  These  estimates  of  nutrient  losses  for  the  year  1930  are 
shown  in  the  table  on  page  17. 

Accompanying  the  recent  increase  in  the  population  of  the  world  there 
has  been  a  somewhat  corresponding  increase  in  the  amount  of  produce 
taken  from  the  soil  for  direct  or  indirect  human  consumption,  and  in 
turn  a  corresponding  increase  in  the  loss  of  plant  nutrients  from  the  soil. 
It  is  well  to  recall  that  the  population  of  the  world  in  1800  has  been 
estimated  at  800  millions.  During  the  next  hundred  years,  that  is  from 
1800  to  1900,  the  population  increased  to  1730  millions.  At  the  beginning 
of  World  War  II  the  world  population  was  estimated  at  2,115  millions. 
It  seems  unreasonable  to  expect  that  such  a  rate  of  increase  can  be  projected 
into  the  future  for  any  great  length  of  time  without  a  somewhat  cor¬ 
responding  increase  in  the  consumption  of  commercial  fertilizers. 

Relationship  of  Fertilizer  Industry  to  Other  Industries 

The  fertilizer  industry  has  always  been  closely  related  to  many  other 
industries.  It  consumes  many  by-products  of  the  packing  plant.  It  also 
furnishes  an  outlet  for  basic  slag  from  the  steel  industry,  potash  from  the 
cement  industry,  ammonia  from  the  industries  engaged  in  the  destructive 
distillation  of  coal  and  petroleum,  sulfur  from  the  copper  industry,  and 
meal  from  the  cottonseed  oil  industry.  The  successes  and  failures  of  the 
fertilizer  industry  inevitably  must  influence  the  welfare  of  many  other 

industries. 

Use  of  Fertilizer  in  Foreign  Countries  Compared  with 

that  in  America 

During  normal  years  farmers  in  some  of  the  European  countries  use 
much  more  fertilizer  per  acre  than  American  farmers,  yet  American  soils 
cannot  be  said  to  be  on  the  whole  inferior  or  superior  to  those  of  Europe. 
The  Soil  Improvement  Committee  of  the  National  Fertilizer  Association 
has  estimated  that  in  1934,  a  representative  prewar  year,  the  consumption 
of  the  plant  nutrients,  nitrogen,  phosphoric  acid,  and  potash,  per  acre  o 
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cultivated  land  was  about  14  pounds  in  che  United  States,  whereas  it 
was  about  18  pounds  in  France,  57  pounds  in  Germany,  84  pounds  in 
Belgium,  and  106  pounds  in  Holland.  It  is  a  well-known  fact  that  the 
average  crop  yield  per  acre  in  Europe  is  very  much  larger  than  is  the 
average  yield  per  acre  in  the  United  States.  This  is  certainly  due  in  part  to 
the  use  by  European  farmers  of  larger  quantities  of  plant  nutrients  per 
acre. 

In  Table  7  is  given,  by  countries,  the  world  average  consumption  for 
the  years  1937,  1938,  and  1939,  of  the  three  plant  nutrients,  nitrogen, 
phosphoric  acid,  and  potash,  as  compiled  from  data  secured  by  Clark  and 
Sherman  (1946),  of  the  Bureau  of  Plant  Industry,  Soils,  and  Agricultural 
Engineering,  Agricultural  Research  Administration.  These  are  the  latest 
figures  available  for  individual  countries.  It  will  be  observed  that  Ger¬ 
many  leads  all  other  countries  in  the  total  consumption  of  these  nutrients 
and  in  the  consumption  of  nitrogen  and  potash.  The  United  States  ranks 
second  in  total  consumption  of  plant  nutrients  and  in  the  consumption  of 
nitrogen  and  potash,  but  it  ranks  first  in  the  consumption  of  phosphoric 
acid.  Three  countries,  the  United  States,  Germany,  and  France,  with  about 
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Table  7 

World  Apparent  Consumption  of  Nitrogen,  Phosphoric  Acid,  and  Potash 
by  Countries,  Average  1937,  1938,  and  l'939 


Country 

Nitrogen  (N), 
tons 

Phosphoric 
Acid  {P^Oh), 
tons 

Potash  (K%0), 
tons 

Germany .  .  . 

571,384 

564,117 

950,507 

United  States  . 

334,603 

675,223 

353,424 

France 

154,770 

353,274 

262,365 

Soviet  I  Inion  .  . 

139,892 

386,731 

148,250 

Japan 

252,824 

232,909 

101,758 

Italy  . 

116,229 

219,486 

14,503 

Netherlands  . 

62,081 

100,858 

167,447 

TJnired  Kingdom 

50,790 

180,472 

75,711 

Spain 

103,727 

165,565 

28,113 

Australia  . 

12,550 

249,595 

8,495 

Relcnnm 

52,181 

81,087 

64,612 

Poland  . 

26,109 

32,872 

81,340 

Flenmark  . 

40,542 

67,163 

32,250 

Sweden . 

K^orea 

27.690 

93.690 

50,917 

21,017 

47,776 

1,500 

4,276 

101,903 

6,749 

24,852 

48,646 

27,868 

73,733 

8,955 
33', 953 

293 

v L . 

14,738 

,  22,608 

Union  of  South  Africa 

9,112 

7,866 

41', 383 
28,741 

2,989 

15,731 

Formosa .  4 . 

Portugal .  . . 

34,180 

15,928 

19,392 

13,970 

32,865 

16,408 

2,707 

1,029 

9,850 

7,486 

8,098 

15,182 

7,797 

2,133 

12,375 

220 

9,059 

10,597 

3,868 

4,461 

1,788 

4,238 

3,619 

2,747 

1,100 

3,200 

200 

6,765 

26,717 

^xi/ir^prla  nd 

3,911 

24,219 

7,191 

14,369 

3,767 

22,923 

18,864 

11,413 

Puerto  Rico . 

China . 

14,446 

27,035 

5,184 

4,626 

480 

12,832 

13,612 

32 

Lithuania . 

1,319 

8,468 

18,085 

9,119 

1,612 

12,134 

7,376 

10,396 

British  India .  . 

16,288 

3,145 

Greece . 

5,211 

911 

2,333 

10,371 

Canary  Islands . 

4,521 

6,649 

2,653 

108 

Yugoslavia . 

1,668 

2,802 

4,397 

4  /4 

1,938 

25,764 

1  A  "7/1  S 

D I  atll  . . 

All  others. 

30,947 

14,  /4  J 

World  total . 

2,431,114 

3,942,136 

2,541,261 

Total , 
tons 


2,086,068 

1,363,250 

770,408 

674,873 

587,492 

350,214 

330,386 

306,972 

297,405 

270,640 

197,880 

140,322 

139,955 

126,383 

116,207 

112,928 

101,366 

82,981 

71,299 

53,485 

52,339 

50,827 

49.823 
45,650 
40,969 
36,228 
36,742 
34,488 
32,410 
31,447 
27,735 
27,075 
24,241 
23,272 
22.048 
19,688 
19,517 
16,205 
14,054 
13,804 
10,374 

6,957 

6,539 

2,802 

1,938 

86.823 


8,914,511 
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one-tenth  of  the  world  population,  consume  collectively  47  per  cent  ot 
all  the  plant  nutrients  consumed  in  the  world. 

Agricultural  Value  of  Fertilizers  Applied  During  This 

Century 

During  the  last  10  years  fertilizer  consumption  in  the  United  States 
has  increased  about  115  per  cent,  fertilizer  nitrogen  consumption  127  per 
cent,  fertilizer  phosphoric  acid  consumption  146  per  cent,  and  fertilizer 
potash  consumption  144  per  cent.  No  one  will  ever  know  to  what  extent 
commercial  fertilizers  have  aided  in  the  production  of  larger  yields  of  crops 
during  this  century  in  both  Europe  and  America.  The  late  Dr.  Cyril  G. 
Hopkins,  of  the  Illinois  Agricultural  Experiment  Station,  addressed  a 
questionnaire  to  some  of  the  leading  agricultural  authorities  in  European 
countries  asking  for  an  estimate  as  to  what  part  of  the  increase  in  crop 
yields  which  had  been  noted  in  these  countries  in  recent  years  might  be 
due  to  the  use  of  commercial  fertilizers.  France  and  Germany  each  cred¬ 
ited  the  use  of  fertilizers  with  50  per  cent  of  the  increased  production  per 
acre.  The  Netherlands  stated  that  fertilizer  was  the  largest  factor,  and  this 
was  also  the  opinion  of  the  Rothamsted  Experiment  Station,  England. 

Where  Fertilizers  Are  Used  in  the  United  States 


Approximately  one-half  of  the  fertilizer  consumed  in  this  country  is 
applied  in  the  South  Atlantic  and  Gulf  States,  and  it  is  largely  used  in  the 
production  of  cotton.  The  New  England  and  Middle  Atlantic  States  are 
also  consuming  large  quantities  of  fertilizer,  especially  in  the  production  of 
potatoes  and  other  truck  crops.  In  the  states  north  of  the  Ohio  River  and 


in  some  states  west  of  the  Mississippi  River  and  in  the  Pacific  Coast 
region  the  consumption  of  commercial  fertilizers  is  increasing  rapidly,  and 
especially  is  this  true  of  those  brands  of  complete  fertilizers  that  carry  a 
high  percentage  of  phosphoric  acid.  Nitrogenous  fertilizers  will  probably 
never  be  used  extensively  in  the  Great  Plains  region.  At  the  present  time 
the  application  of  nitrogen  to  the  soils  of  this  area  seldom  effects  much 
increase  in  yields  of  grain,  except  in  unusual  seasons  when  water  sufficient 
to  maintain  excess  growth  is  available  to  the  crop.  Most  of  the  carriers 

InTah.1  «"  S°'d  re“nt  yeafS  haVe  been  “"sumed  in  Florida. 

States  in  lo/a'ff  7  “"S'  of  1 land  fertili«d  in  the  United 

states  in  1942  (Smalley  and  Engle,  1943) 

wasIuns1e9d4intherWhPer.1Cent  f ' ^  “““*«“»<»  *  this  country 
in  the  South  where  the  states  that  lead  in  the  use  of  fertilizer  ate. 
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Table  8  ' 


Estimated  Acreage  of  Land  Fertilized  in  the  United  States  in  1942 


State 

Total 

Crop  Acreage 

Acres 

Fertilized, 

Per  Cent 
Fertilized 

Maine . 

1,231,600 

333,100 

27 

New  Hampshire . 

379,300 

124,500 

33 

Vermont . 

1,026,900 

279,500 

27 

Massachusetts . 

437,600 

347,800 

79 

Connecticut . 

369,600 

237,900 

64 

Rhode  Island . 

50,000 

40,900 

82 

New  England . 

3,495,000 

1,363,700 

39 

New  York . 

6,574,200 

2,482,000 

38 

New  Jersey . 

793,200 

593,400 

75 

Pennsylvania . 

5,853,400 

2,816,300 

48 

Delaware . 

375,900 

199,600 

53 

Maryland . 

1,620,800 

944,200 

58 

Virginia . 

3,851,400 

2,831,000 

74 

West  Virginia . 

1,422,800 

738,100 

52 

•Middle  Atlantic . 

20,491,700 

10,604,600 

52 

Ohio . 

10,359,500 

4,823,000 

47 

Indiana . 

10,433,400 

4,759,300 

46 

Michigan . 

7,922,700 

2,892,400 

37 

Kentucky . . . 

5,496,500 

3,300,000 

60 

East  North  Central . 

34,212,100 

15,774,700 

46 

Illinois . 

19,236,600 

1,073,400 

6 

Wisconsin . 

9,991,400 

1,886,500 

19 

Minnesota . 

18,568,500 

783,700 

4 

21,530,300 

688,900 

3 

Missouri . 

12,121,100 

1,884,000 

16 

West  North  Central . 

North  Carolina . 

South  Carolina . 

Georgia . 

81,447,900 

6,457,200 

4,897,300 

8,423,000 

1,569,700 

6,316,500 

5,517,000 

3,532,000 

6,317,000 

1,367,000 

8 

85 

72 

75 

87 

78 

FflQfprn  . 

21,347,200 

16,733,000 
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Table  8 — (< Continued ) 


State 

Total 

Crop  Acreage 

Acres 

Fertilized 

Per  Cent 
Fertilized 

Alabama . 

6. 748.300 

7.126.300 
6,566,700 
4,123,500 
6,659,000 

4,271,500 

3,542,000 

2.436.700 
1,731,300 

1.835.700 

63 

Mississippi . 

50 

Tennessee.. 

37 

42 

Louisiana . 

Arkansas. . 

28 

South  Central ... 

31,223,800 

17.952.200 

15.148.200 
19,320,400 
21,996,800 

12.763.600 

26.512.600 

13,817,200 

47,000 

14,000 

41,000 

414,300 

?«7  nnn 

44 

X 

North  Dakota . 

South  Dakota . 

1 

Nebraska . 

9 

Kansas . 

9 

Oklahoma . 

9 

Texas . 

1,457,000 

J 

Great  Plains . 

113,693,800 

2,260,300 

Z 

Montana . 

6,932,700 
x  naa  7nn 

81,500 

164,400 

40,000 

12,000 

80,300 

158,700 

52,800 

40,300 

1 

Idaho . 

Wyoming . 

1,674,200 

463,600 

1  m  nnr\ 

5 

Nevada .  .  . 

2 

Utah . 

3 

Colorado. . . . 

&  C\fiZ  ann 

7 

Arizona . 

7QG  mn 

3 

New  Mexico .  . 

1,692,100 

7 

2 

Mountain. .  . 

71  7/^1  Qflfl 

6 30,000 

/  v  i-|/wU 

3 

Washington. 

a  /^Q7  snr, 

314,500 

143,700 

1,299,800 

Oregon . 

•'>”7  / 

9  SGI  sr\n 

9 

California.  .  . 

jUU 

6 

0,ZlU,oUU 

21 

Pacific  Coast. .  . . 

1  9  z4gg  oaa 

1,758,000 

14 

*/7)OUU 

Grand  total,  U.S 

a4n  1  71  inn 

69,258,000 

d  *V/j  i-  /  JyjLVJ  U 
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in  the  order  named,  North  Carolina,  Georgia,  and  South  Carolina*  The 
leading  states  in  the  North  are  Ohio,  Pennsylvania,  and  New  York. 

Distribution  of  Fertilizer  Consumption  by  Crops 
Fertilized 


Over  half  of  the  fertilizer  used  in  the  United  States  in  1938,  a  repre¬ 
sentative  prewar  year,  was  applied  to  the  three  crops:  corn,  cotton,  and 
wheat.  The  corn  crop  now  consumes  a  larger  tonnage  of  fertilizer  than 
the  cotton  crop.  Formerly  the  cotton  crop  was  the  greatest  consumer  of 
fertilizer  but  recent  curtailment  of  crop  acreages  by  the  government  has 
brought  about  a  shift  in  the  percentage  consumption  of  fertilizer  on 
several  crops. 

In  Table  9  are  given  the  quantities  of  fertilizer  used  on  certain  crops 


in  1938. 


Table  9 


Quantities  of  Fertilizer  Used  on  Certain  Crops 
in  the  United  States  in  1942 


Crop 

Tons  of 
Fertilizer 

Per  Cent 
of  Total 

Corn  . 

2,203,900 

22.02 

C  nffnn  . 

1,460,623 

14.59 

Vegetables . 

Wheat  . 

894,050 

780,300 

8.93 

7.79 

Pnrarnes  . 

708,650 

7.08 

Hay  . 

704,850 

7.04 

Pasture  . 

583,850 

7.04 

Fruits  and  nuts  . 

667,100 

6.66 

Tobarrn  . 

536,400 

5.34 

OiU5  . 

496,200 

4.95 

183,600 

1.83 

nnraroes  . 

148,700 

1.48 

Barley*  . 

119,300 

1.19 

67,700 

.67 

40,200 

.40 

32,500 

.32 

Rice  . 

25,200 

.25 

13,200 

.13 

14,000 

.13 

13,200 

.13 

11,700 

.11 

. . 

302,333 

3.02 

10,007,556 

100 . 00 

*  Includes  mixed  grains. 
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Fig.  10.  Influence  of  complete  fertilizer  on  the  growth  of  corn.  {Left)  No  ferti¬ 
lizer.  {Right)  400  pounds  of  a  complete  fertilizer.  (Courtesy,  North  Carolina  Agri¬ 
cultural  Experiment  Station.) 


Fertilizers  Controlled  by  Governmental  Monopoly 

It  is  interesting  to  note  that  until  after  World  War  I,  of  the  three 
essential  plant  nutrients — nitrogen,  phosphoric  acid,  and  potash — phos¬ 
phoric  acid  was  the  only  one  that  was  subject  to  the  fundamental  eco¬ 
nomic  laws  of  an  open  market  regulated  by  supply  and  demand.  Foreign 
monopoly  controlled  to  a  great  extent  the  price  of  nitrogen  and  potash. 
In  recent  years  concern  has  been  felt  over  the  marked  tendency  of  the  gov¬ 
ernment  of  the  United  States  to  edge  into  the  fertilizer  business.  This 
tendency  should  be  carefully  watched  and  studied  by  all  students  of  com¬ 
mercial  fertilizers.  Calvin  Coolidge,  when  president  of  the  United  States, 
spoke  very  wisely  on  this  subject  when  he  said:  ’’When  the  Government 
once  enters  a  business  it  must  occupy  the  field  alone.  No  one  can  compete 
against  it.  The  result  is  a  paralyzing  monopoly.” 

The  fertilizer  industry  in  the  United  States  has  been  built  around  our 
natural  deposits  of  phosphate  rock.  In  Germany  the  industry  originally 
centered  on  potash,  but  at  the  beginning  of  World  War  II  it  centered 
argely  on  the  production  of  fixed  atmospheric  nitrogen. 

Unlike  most  American  industries,  the  fertilizer  industry  of  the  United 

fe'rtmzet  Drires°  PT!Ction’  50  that  dllrinS  normal  years  if  American 
P  s  get  out  of  line  with  world  prices,  imports  will  follow 

The  national  possession  of  sources  of  fertilizer  materials  by  any  coun 
uneasiness^  ^  ^  ^  the'r  abse"“  tend*  ®  create 
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of  some  fertilizer  minerals  as  estimated  by  the  U.S.  Geological  Survey. 
These  reserves  will  last  the  world  only  about  a  thousand  years  at  the  rate  of 
consumption  of  these  materials  during  the  years  just  prior  to  World 
War  II. 


Table  10 


World  Reserves  of  the  Fertilizer  Minerals 


Phosphates . 

(. Metric  Tons*) 
16,879,000,000 
2,338,000,000 
245,300,000 
56,000,000 
183,000,000 

Potash  salts . 

Nitrates . 

Sulfur . 

Pyrites . 

Totals . 

19,701,300,000 

*  A  metric  ton  is  equal  to  1,000  kilograms,  ot  2204.6  pounds. 


Are  We  Approaching  the  Saturation  Point  for  Ferti¬ 
lizers? 

The  South  Atlantic  States  lead  all  other  sections  of  the  United  States 
in  the  consumption  of  commercial  fertilizers.  The  farmers  of  these  states 
seldom  undertake  the  production  of  a  crop  without  first  applying  a  com¬ 
mercial  fertilizer.  Yet  in  these  states  the  saturation  point  for  the  use  of 
fertilizers  is  not  a  serious  factor  at  the  present  time.  A  few  years  ago 
Pridmore,  of  the  National  Fertilizer  Association,  estimated  that  if  the 
farmers  of  the  Southeast  had  followed  the  recommendations  of  their  state 
experiment  stations  during  a  recent  year  they  would  have  used  6,496,750 
tons  of  fertilizer  under  their  cotton  crop  alone.  During  the  year  in  ques¬ 
tion  the  total  fertilizer  tonnage  for  the  entire  South  amounted  to  only 
2,296,366  tons.  If  such  a  condition  exists  in  the  Southeast,  where  the 
practice  of  using  commercial  fertilizers  is  so  thoroughly  intrenched,  the 
saturation  point  for  fertilizers  in  other  sections  of  the  country  can  be  of 

only  minor  moment  for  some  time  to  come. 

In  1945  The  National  Planning  Association  made  an  estimate  of  in¬ 
creases  in  fertilizer  consumption  that  could  be  made  to  increase  crop 
yields  if  disregard  be  made  of  economic  conditions.  This  estimate  is  given 

in  Table  11.  ...  c 

Table  11  shows  that  fertilizer  consumption  in  this  country  might  prof¬ 
itably  be  doubled. 
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Table  11 

Estimate  of  Fertilizer  that  Could  Be  Used  to  Increase  Crop  Yields 


Crop 

Fertilizer  Used 
1000  tons 

Increased  Fertilizer  for 
High  Production 

1942 

Per  Cent 

1000  tons 

Cotton . 

1,461 

50 

703 

Corn . 

2,204 

100 

2,204 

Wheat . 

780 

100 

480 

Potatoes . 

709 

0 

0 

Tobacco . 

536 

0 

0 

Vegetables . 

894 

0 

0 

Oats,  barley,  and  rye. 

627 

50 

313 

Sweet  potatoes ... 

149 

0 

0 

Fruits . 

66  7 

0 

0 

Hay . 

705 

500 

3,525 

Pasture . 

584 

500 

2,920 

Other  crops . 

692 

50 

346 

Total- 

_ 

10,008 

10,818 

Recent  Development  in  Manufacture  of  Concentrated 
Fertilizers 


In  recent  years  much  effort  has  been  expended  in  an  attempt  to  manu- 
acture  and  to  develop  a  market  for  fertilizer  materials  thar  carry  30  per 
cent  or  more  of  plant  nutrients.  These  materials  have  been  designated  as 
concentrated  fertilizers.  Concentrated  fertilizers  have  the  distinct  advan¬ 
tage  over  lower  analysis  fertilizers  in  that  through  their  use  a  sav.ng  can 
be  made  in  transportation  and  handling  charges  pet  unit  of  plant  food. 

materials  thlnhT  h  $  ”***""*  “  Purcha“  hiShet  analysis 

materials  than  he  has  been  accustomed  to  use  is  delaying  the  extensive 

JK  b^v'ent^mS" ftl TTT °f  C~ial 

been  in  the  past.  This  may  tend  to  r  *  °f ' ^  chemists  than  «  has 
is  the  case  today.  7  '°  “nter  Productio"  in  fewer  hands  than 
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Source,  Production,  and  Use  of 
Sodium  Nitrate 


Sodium  nitrate  has  been  used  for  a  longer  time  and  is  better  known 
by  farmers  who  use  fertilizers  than  any  other  inorganic  nitrogenous  ferti¬ 
lizer.  For  about  a  century  sodium  nitrate  was  obtained  almost  entirely 
from  natural  deposits  in  Chile.  In  recent  years  large  quantities  have  been 
produced  from  synthetic  ammonia  and  sodium  carbonate. 


World  Deposits  of  Natural  Nitrates 

Deposits  of  the  nitrates  of  aluminum,  ammonium,  barium,  calcium, 
copper,  iron,  magnesium,  potassium  and  sodium  have  been  found  in 
various  localities  of  the  earth.  Only  the  deposits  of  sodium  and  the  potas¬ 
sium  nitrates  are  commercially  important.  Probably  because  of  the  rea  y 
loss  by  leaching  of  sodium  nitrate  in  humid  regions,  only  comparatively 
few  deposits  have  been  found.  Small  deposits  are  known  to  exist  in  Egypt, 
the  Argentine  Republic,  Columbia,  Protectorate  of  Southwest  Africa, 
Mexico,  and  the  United  States,  but  the  largest  and  most  ™P°rtan'  deP“" 
is  found  in  Chile  in  the  desert  of  Atacama  and  Tatapaca.  Mansfiel 
Boardman  (1932)  have  reported  the  analyses  of  a  number  o  P 
nitrates  that  have  been  collected  ftom  small  depostts  m  various  locaht.es 

in  the  United  States.  f  ,  •  lnra)iries 

Inctustations  of  calc.um  nitrate  on  the  sod  are  often  found  m  local.t  es 

where  the  temperature  and  moisture  conditions  have  been  such  that  a 

^accumulation  of  n.trates  could  result.  These  deposits ,  w h.  i  have 

been  otoduced  by  the  evaporation  of  soil  water,  occur  as  a  silky  efflores 

cence  on  the  surface  of  the  ground,  but  seldom  are  they  found  in  quantities 

sufficient^ be  mined  for  fertilizer  purposes.  All  the  calcium  nitrate  found 

on  the  fertilizer  market  today  is  of  synthetic  origin. 
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was  found  in  Central  Australia.  These  deposits  are  of  little  economic  im¬ 
portance.  A  small  amount  of  potassium  nitrate  occurs  in  the  Chilean 
deposits  of  sodium  nitrate  and  is  now  being  recovered  as  a  by-product 
of  the  refining  of  the  crude  sodium  nitrate. 

Chilean  Sodium  Nitrate  Deposits 

The  existence  of  the  Chilean  deposits  was  first  mentioned  in  1809  when 
Taddes  Haenke,  a  German  living  in  Bolivia,  wrote  of  the  use  of  natural 
nitrate  as  a  fertilizer.  Nitrate  from  this  deposit  is  said  to  have  been  mined 
first  by  the  Spaniards  in  1813,  and  first  exported  from  Peru  (to  whom  the 
deposits  then  belonged)  in  1830.  The  desert  in  which  the  nitrate  is  found 
is  a  part  of  the  plateau  of  Tarapaca,  which  is  located  in  the  northern  part 
of  Chile.  The  plateau  is  about  450  miles  long  north  and  south,  and  1 5  to  90 
miles  wide  east  and  west,  and  has  an  elevation  of  from  3,000  to  9,000  feet. 
It  is  shut  in  on  both  sides  by  mountain  ranges:  on  the  east  by  the  Andes, 
and  on  the  west  by  the  coast  hills.  It  seldom  rains  on  this  plateau,  and  when 
it  does  the  precipitation  is  so  light  that  the  water  soon  evaporates.  Proba¬ 
bly  at  one  time  the  area  was  humid  and  very  productive,  as  is  indicated 
by  the  buried  fossils  of  trees. 

The  nitrate  deposits  generally  occur  on  the  eastern  slopes  of  the  coast 
mountain  range  and  according  to  Bain  and  Mulliken  (1924),  lie  at  eleva¬ 
tions  ranging  from  4,000  to  7,000  feet.  They  are  exceedingly  patchy  and 
vary  in  thickness  from  a  fraction  of  an  inch  to  30  feet,  and  average  about 
3  to  4  feet.  The  deposits  are  located  15  to  50  miles  from  the  coast. 

fielH  !w(ean  reSe"eS  °f  S0dium  nitrate  have  ^en  estimated  by  Mans- 
about  h°  7r  245’300’°00  mettic  «»*.  a"  amount  sufficient  to 

w  made  Th  ^  ^  °f  Prod^‘°"  'he  ^  *e  inmate 

was  made.  The  reserves  are  probably  much  larger  than  these  figures  indi 
cate,  however,  as  considerable  promising  territory  remains  unexplre) 

Origin  of  Chilean  Sodium  Nitrate  Deposits 

ticalTv' Mmuch' F Ch‘lean  SOd‘Um  ni"ate  deP°sits  rema*ns  today  prac- 

z:  *• 

atmosph^nc^uog^n'ffitheTtmo^he  r^hn*SmS  “d 

explanation  accounts  for  the  ^sence  of  the  ^7  SU®feSted’  but  neither 
deposit.  For  many  years  the  L  f  /  ‘0dme  that  ,s  fou"d  in  the 

many.  According  to  this  theory  ilk  '  ^  °!  °r‘gm  Was  accePted  by 
°  °ry  n  ,S  assumed  'hat  when  the  plateau  was 
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raised  above  the  sea  large  quantities  of  marine  plant  and  animal  refuse 
were  put  in  a  position  where  decay  and  nitrification  would  take  place, 
and  that  the  present  deposits  of  nitrate  resulted  from  this  decay.  The  ex¬ 
ponents  of  this  theory  overlook  the  tremendous  quantity  of  organic 
materials  that  would  have  been  required  to  form  so  large  a  deposit  of 
nitrate.  This  theory  does  give  an  explanation,  however,  for  the  presence 
of  iodine  in  the  nitrate  deposit  and  of  phosphorus  in  the  overlying  rocks. 
Both  iodine  and  phosphorus  could  have  been  derived  from  the  seaweed. 
Nevertheless,  it  does  not  explain  the  absence  of  bromine  in  the  deposit, 
for  bromine  also  is  a  constituent  of  seaweed. 

Another  theory  that  has  received  some  support  would  account  for  the 
deposits  as  accumulations  resulting  from  nitrification  of  animal  manures 
which  accumulated  in  the  surrounding  highlands  from  great  herds  of 
vicunas  and  llamas.  It  is  supposed  that  the  nitrates  were  washed  down  from 
the  highlands  and  accumulated  through  evaporation  of  water  in  the  present 
valley.  This  theory  does  not  explain  how  the  deposits  of  common  salt 
or  iodine  originated.  Large  phosphate  deposits  which  would  probably 
have  resulted  from  such  decompositions  have  not  been  found.  Still  another 
somewhat  similar  theory  assumes  that  the  nitrate  has  been  formed  from 
the  nitrogen  of  guano  deposits  that  may  have  accumulated  on  the  shores 

of  a  great  soda  lake. 

The  most  commonly  accepted  theory,  although  it  is  subject  to  criti¬ 
cisms  similar  to  those  of  the  theories  already  discussed,  is  that  suggested 
by  Singewald  and  Miller  (1916),  that  Chilean  sodium  nitrate  had  its  origin 


linois.  Dear^G^orge^  Morrow^Courtesy^fllinoilTgricuI- 
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in  the  evaporation  of  nitrate-carrying  waters  which  have  reached  the  pla¬ 
teau  after  leaching  through  the  bedded  sedimentary  rocks  and  gravels  of 
surrounding  highlands. 

Nature  of  Chilean  Sodium  Nitrate  Deposits 

t 

Covering  the  surface  of  the  Tarapaca  plateau  is  a  deposit  of  a  mixture 
of  sand  and  gypsum  carrying  a  small  amount  of  phosphate.  This  layer  is 
called  costra.  Just  beneath  the  costra  lies  a  layer  of  conglomerate  rock 
made  up  largely  of  gravel  and  clay.  This  layer  is  called  congelo  and  contains 
a  high  percentage  of  common  salt.  Underneath  these  two  layers  lies  the 
deposit  carrying  the  nitrate  called  caliche.  Strictly  speaking,  the  word 
caliche  has  been  applied  to  the  product  incorrectly.  The  word  is  derived 
from  the  Latin  word  calx  and  if  used  properly  should  mean  a  lime  or 
calcareous  deposit  rather  than  a  deposit  of  sodium  salt.  The  caliche  is  very 
impure.  Besides  much  sand  and  earthy  materials,  the  deposit  contains 
varying  percentages  of  sodium,  magnesium,  and  calcium  chlorides  and 
sulfates,  together  with  smaller  quantities  of  iodates  and  borates.  The  per¬ 
centage  of  sodium  nitrate  in  the  deposit  may  vary  from  5  to  70  per  cent. 
Today  large  quantities  of  30  per  cent  material  and  above  aie  rather  rare, 
but  formerly  material  containing  as  high  as  50  per  cent  and  above  was 
worked.  With  the  best  modern  methods  of  mining  and  purification  8  per 
cent  material  can  be  worked  economically  (Curtis,  1932),  but  deposits  con¬ 
taining  less  than  15  per  cent  of  sodium  nitrate  were  not  mined  profitably 
until  rather  recently.  Underlying  the  caliche  is  a  deposit  called  coha,  which 
is  composed  largely  of  clay  with  sea  fossils  scattered  through.it. 

The  combined  thickness  of  the  costra  and  the  congelo  overburden 
may  vary  from  3  to  10  feet  and  the  deposits  of  caliche  from  a  few  inches 
to  10  feet  The  average  thickness  of  the  cliche  is  about  3  feet.  The  beds  that 

a“  beVngf  W°^ed  may  be  located  anywhere  from  the  surface  of  the 
deposit  to  24  feet  below  the  surface. 

Chemical  Composition  of  Caliche 
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varies  on  the  average  from  about  12  to  25  per  cent.  The  average  range  of 
composition  of  the  caliche  usually  mined  is  given  in  the  following  table. 

Table  12 

Average  Range  of  Composition  of  Representative 
Samples  of  Caliche 


Sodium  nitrate  (NaNC^) . 

Potassium  nitrate  (KNOa). . . . 

Sodium  chloride  (NaCl) . 

Sodium  sulfate  (Na2SOd . 

Calcium  sulfate  (CaSOO . 

Magnesium  sulfate  (MgSOd  . 
Sodium  biborate  (NasBaOd .  . 

Sodium  iodate  (NalOa) . 

Sodium  perchlorate  (NaClOd- 
Insoluble  matter . 


Per  Cent 
12  -25 

2  -  3 

8  -25 

2  -12 

2  -  6 

0  -  3 

1  -  3 

.05-  .1 

.1  -  .5 

23  -70 


Methods  Used  in  Mining  of  Chilean  Sodium  Nitrate 


While  a  number  of  methods  have  been  used  at  one  time  or  another 
for  the  recovery  of  Chilean  nitrate  from  the  natural  deposits,  there  are 
only  two  in  use  at  the  present  time.  In  the  older  of  these  the  miners  first 
remove  with  hand  shovels  any  soft  material  that  may  overlie  the  caliche 
at  a  given  location.  Special  drillers  then  sink  pits  through  the  caliche  layer, 
the  work  being  carried  on  wholly  by  means  of  iron  bars  which  are  wielded 
by  hand.  The  bottoms  of  these  holes  are  enlarged  and  filled  with  low- 
grade  blasting  powder  which  is  made  locally.  These  charges  are  then 
exploded,  and  the  caliche,  together  with  the  overburden,  is  broken  up.  The 


2.  Caliche  being  loadedlntcTcars'by  electric  shovels.  (Courtesy,  Chilean 
Nitrate  Educational  Bureau.) 
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Fig.  13.  Partial  view  of  Chilean  sodium  nitrate  plant  located  40  miles  east  of  the 
port  of  Tocopilla,  Chile.  (Courtesy,  Chilean  Nitrate  Educational  Bureau.) 


miners  hand  sort  from  the  costra  and  congelo  the  larger  pieces  of  caliche 
that  are  of  sufficiently  high  grade  for  treatment  in  the  plant.  These  pieces 
are  then  loaded  into  small  railway  cars,  either  directly  or  after  a  short  haul 
by  mule  cart  to  a  gathering  point,  and  then  shipped  by  rail  to  the  plant 
for  treatment.  It  has  been  estimated  that  when  this  method  is  used  the 
industry  recovers  and  markets  only  about  half  a  ton  of  sodium  nitrate  for 
every  ton  of  sodium  nitrate  in  the  unbroken  caliche. 


In  recent  years  a  superior  method  of  mining  has  been  developed. 
The  general  procedure,  where  the  deposits  are  sufficiently  extensive  and 
the  grade  high  enough  to  permit  regular  working,  is  to  open  the  ground 
y  trenching  These  trenches  are  carried  forward  laterally  across  the  ground 

calirh  mmt.d  bj  ‘nV56  °f  draS4ines'  sciaPers  or  steam  shovels.  The 

bv  hk*S  T  M  W‘th  COmPressed  ^t'^ttven  jack-hammers,  blasted 
y  high-grade  blasting  powders,  sorted,  and  the  broken  pieces  which 

may  be  as  Urge  as  six  feet  in  length,  loaded  into  cars  by  large  ekctric 
Shovels,  and  hauled  to  the  plant.  The  waste  rock  is  thrown  back  in  o  he 

gauge  £££?"  »  -  —  -  -P°4  — 


Methods  Used  in  Refining  Caliche 

Two  methods  of  refining  caliche  are  now  being  employed-  the  Ch,  u 
or  old  process’  and  rh**  rnr>o  u  •  °  **  yea.-  tne  Shanks 

P  cess,  and  the  Guggenheim  or  new  process.  The  real  expansion 


34 


Source,  Production,  and  Use  of  Sodium  Nitrate 


of  the  Chilean  nitrate  industry  came  with  the  introduction  of  the  Shanks 
process  by  J.  T.  Humberstone  about  1884. 


Shanks  Process  of  Refining  Caliche 


At  the  plant  the  caliche  is  crushed  to  about  three-inch  size  and  placed 
in  small  steel  tanks  which  hold  60  to  100  tons  of  material  and  which  are 
equipped  with  steam  coils.  A  solution  of  the  vaiious  caliche  salts  is  then 
run  onto  the  caliche  and  the  charge  is  boiled.  As  a  result  the  nitrate  is 
dissolved  from  the  caliche,  making  a  hot  solution  with  a  high  nitrate 
content.  This  solution  is  then  run  into  settling  tanks  to  be  clarified.  The 
caliche,  from  which  most  of  the  nitrate  has  been  removed,  is  washed  with 
weaker  solutions  and  the  remaining  material  is  finally  discharged  as  waste. 
The  strong  solution,  after  it  is  clarified  in  the  settling  tanks,  is  run  into 
shallow  pans  and  allowed  to  stand  in  the  open  air  to  cool.  In  the  cooling 
process  the  nitrate  crystallizes  out.  The  nitrate  is  removed  from  the  pans, 
allowed  to  drain,  and  is  then  stored  in  large  piles  where  in  time  it  becomes 
sufficiently  dry  to  be  crushed,  after  which  it  is  packed  in  jute  sacks  and 
shipped  by  rail  to  the  nearest  port.  The  ports  generally  handling  the 
product  are  Iquique,  Tocopilla,  Antofagasta,  and  Taltal.  At  the  seaport 
it  is  loaded  into  lighters  and  delivered  alongside  ships  for  foreign  ship¬ 
ment.  The  solution  from  the  cooling  pans  is  returned  to  the  boiling 
tanks  and  is  used  to  treat  more  caliche  as  it  is  received  from  the  crushers. 

The  Shanks  process  of  refining  proved  fairly  economical  so  long  as  a 
supply  of  high-grade  caliche  was  procurable  and  little  competition  was 
being  met  from  air-fixed  nitrogen.  But  as  the  higher-grade  deposits  gradu¬ 
ally  became  exhausted,  the  plants  were  forced  to  handle  lower  grades  until 
they  are  now  treating  caliches  of  about  15  to  20  per  cent  sodium  nitrate, 
with  resulting  increased  costs.  Competition  with  synthetic  nitrogen  ferti¬ 
lizers  will  in  all  probability  force  the  abandonment  of  the  Shanks  process 
with  its  crude  accompanying  method  of  mining.  At  the  time  this  is 
written  the  importations  of  the  Shanks  product  into  the  United  States 

are  greatly  restricted. 


Guggenheim  Process  of  Refining  Caliche 

In  1926  a  new  process  of  refining  caliche  was  developed  by  the  firm  of 
Guggenheim  Brothers  of  New  York  City.  This  process,  known  as  the 
Guggenheim  process,  has  caused  modern  mechamcal  methods  to  be  ap¬ 
plied  to  the  Chilean  nitrate  industry,  and  rn  this  way  the  cost  o  pro  u  - 
tion  has  been  lowered  and  the  utilization  of  much  lower  grade  caliches 
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has  become  possible.  This  new  process,  together  with  its  mechanical  min¬ 
ing,  is  now  in  use  in  only  a  few  plants,  but  it  would  seem  that  the  old 
methods  must  be  replaced  gradually  by  the  new. 

Under  the  new  process  the  caliche  is  crushed  to  a  size  less  than  five- 
eighths  inch  in  diameter.  It  is  then  loaded  into  large  concrete  tanks,  each 
holding  approximately  7,500  tons,  and  there  treated  with  warm  solutions 
which  have  received  their  warmth  from  waste  heat  that  becomes  avail¬ 
able  in  the  plant.  These  solutions  are  then  cooled  to  about  freezing  point 
by  mechanical  refrigeration  in  large  cooling  tanks,  during  which  the  nitrate 
crystallizes  out.  The  crystallized  nitrate  resulting  therefrom  is  separated 
from  the  liquid  by  centrifugal  driers  which  discharge  the  nitrate  with  a 
moisture  content  of  about  2.5  per  cent.  The  solutipns  are  then  rewarmed 
and  returned  to  the  dissolving  tanks,  where  the  same  cycle  of  operations 
is  repeated. 

The  nitrate  from  the  centrifugal  driers  is  sent  to  a  graining  plant  where 
it  is  melted  in  large  iron  pots  and  then  sprayed  in  the  molten  form  into  an 
enclosed  chamber.  On  cooling,  the  drops  solidify  into  small  shotlike  pel¬ 
lets.  The  product  thus  obtained,  having  lost  all  its  moisture  in  the  fusion 
operation,  is  packed  in  waterproof,  paper-lined,  burlap  bags  which  pro¬ 
tect  it  to  such  an  extent  that  it  is  delivered  to  the  consumer  with  a  moisture 


F.G.  14.  Loading  railway  car  with  Chilean  sodium  nitrate.  (Courtesy  Chi 

Nitrate  Educational  Bureau,  Inc.)  ™ 
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content  of  less  than  0.5  per  cent,  and  with  a  sodium  nitrate  content  of 
about  99  per  cent.  This  refined  product,  having  been  largely  freed  of  its 
impurities,  approaches  the  composition  of  synthetic  sodium  nitrate. 

The  outstanding  features  of  the  Guggenheim  process  are:  first,  the 
ability  to  extract  sodium  nitrate  efficiently  from  caliche  of  lower  grade  than 
is  considered  economical  for  use  in  the  Shanks  process;  second,  the 
conservation  of  all  heat  wastes  in  the  operation;  and  third,  the  employment 
of  about  one-fourth  the  number  of  men  necessary  for  similar  production 
under  the  old  process.  Thus,  it  is  possible  to  introduce  mechanical  meth¬ 
ods  for  handling  the  caliche  on  a  larger  scale  than  heretofore,  the  available 
reserves  of  nitrate  are  greatly  expanded,  the  output  per  unit  of  fuel  con¬ 
sumed  is  materially  increased  and,  incidentally,  a  purer  product  is  de¬ 
livered.  It  is  claimed  that  these  newer  methods  of  mining  and  refining 
give  promise  of  doubling  the  life  of  the  Chilean  deposits  and  that  90  per 
cent  of  the  available  nitrates  can  be  recovered,  as  compared  with  about 
55  per  cent  recoverable  under  the  Shanks  process. 

Organization  of  Chilean  Nitrate  Industry 

From  the  beginning  of  the  fertilizer  industry  until  1914,  the  Chilean 
sodium  nitrate  industry  practically  controlled  the  world  market  for  nitrates. 
This  was  due  to  the  fact  that  Chile  had  a  natural  monopoly  of  the  world’s 
supply  of  nitrates,  a  fact  that  was  fully  appreciated  by  Chileans.  This 
monopoly  allowed  the  Chilean  government  to  levy  an  export  tax  on  ni¬ 
trate  that  yielded  an  income  sufficient  to  carry,  at  different  times,  from 
about  one-sixth  to  two-thirds  of  the  total  cost  of  the  government.  Until 
the  Chilean  government  secured  a  half  interest  in  the  industry  in  1930,  the 
tax  amounted  to  about  $12.30  per  metric  ton  of  product,  a  figure  that, 
according  to  Mayer  (1926),  had  been  maintained  since  1880.  It  has  been 
estimated  by  Ernst  (1921)  that  this  tax  supported  the  Chilean  government 
during  the  50  years  preceding  1921  to  the  extent  of  $900,000,000.  He  has 
also  estimated  (1927)  that  the  consumers  of  the  United  States  paid  in 
1925,  a  representative  year,  about  $15,000,000  to  the  support  of  the 
Chilean  government.  Because  of  its  monopoly  the  Chilean  nitrate  indus¬ 
try,  prior  to  1914,  was  able  to  fix  prices  for  sodium  nitrate  that  have  allowed 

a  profit  even  for  the  most  inefficient  producers. 

During  World  War  I  and  afterward  many  countries  began  the  com¬ 
mercial  production  of  synthetic  nitrates  and  other  nitrogenous  fertilizers. 
Competition  from  these  sources,  together  with  taiiff  and  other  import 
barriers,  and  the  world  depression,  forced  a  reorganization  of  the  Chilean 
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nitrate  industry  in  1930.  The  present  arrangement,  under  which  nitrate 
sales  are  centralized  and  the  Chilean  Government  receives  a  fixed  per¬ 
centage  (25  per  cent)  of  the  profits  of  the  industry  instead  of  the  export 
tax,  was  put  into  effect  in  1933.  Thirteen  companies  now  produce  Chilean 
sodium  nitrate  and  three  of  these  account  for  approximately  87  per  cent  of 
the  nitrate  produced. 

Following  the  reorganization  of  the  Chilean  sodium  nitrate  industry, 
world  consumption  of  Chilean  sodium  nitrate  increased  steadily  and 
showed  a  gain  of  about  150  per  cent  during  the  five-year  period  ending 
with  1936-1937.  In  1939-1940,  according  to  figures  of  the  United  States 
Department  of  Commerce,  Chile  exported  747,700  tons  of  nitrate  to  the 
United  States.  This  importation  included  both  sodium  nitrate  and  sodium 
potassium  nitrate.  The  imports  of  Chilean  sodium  nitrate  into  the  United 
States  since  1916,  as  given  by  Merz  and  Fletcher  (1940),  are  shown  in  the 
following  table. 


Table  13 


Imports  of  Chilean  Sodium  Nitrate  Since  1916 


Year 

Short  Tons 

Year 

Short  Tons 

1916 

1,364,463 

1926 

1,024,014 

1917 

1,728,399 

1927 

838,636 

1918 

2,066,615 

1928 

1,156,860 

1919 

456,354 

1929 

1,042,113 

1920 

1,480,519 

1930 

636,825 

1921 

413,474 

1931 

616,687 

1922 

607,560 

1932 

56,482 

1923 

998,680 

1933 

137,610 

1924 

1,105,001 

1934 

328,750 

1925 

1,245,693 

1935 

437,635 

Synthetic  Sodium  Nitrate 


During  the  period  between  the  two  world  wars  the  successful  produc- 
uon  of  nitric  acid  from  atmospheric  nitrogen  allowed  the  production  of 
sodium  nitrate  at  a  puce  which  would  allow  synthetic  sodium  nitrate  to 
compete  on  the  market  with  Chilean  sodium  nitrate.  The  first  shipment 

method  ofmanT  ""“f"  7^  *  ^  the  most  common 

method  of  manufacture  of  synthetic  sodium  nitrate  is  accomplished  as 

ows.  Gaseous  nitrogen  is  combined  with  hydrogen  obtained  from 
coal  gas.  to  form  ammonia.  The  ammonia  thus'  formei  is  oxidtJZ 
suitable  catalysts  to  nitrogen  oxides.  The  nitrogen  oxides  are  then  absorbed 
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Fig.  15.  Storage  piles  of  Arcadian  sodium  nitrate  at  the  Hopewell,  Virginia  Plant. 
(Courtesy,  The  Barrett  Division,  Allied  Chemical  and  Dye  Corporation.) 


in  a  solution  of  sodium  carbonate  that  has  been  obtained  from  sodium 
chloride  by  the  well-known  Solvay  process.  The  resulting  solution  of 
sodium  nitrate  is  then  partly  evaporated  and  the  solid  material  allowed 
to  crystallize.  In  1936  another  method  of  sodium  nitrate  manufacture  was 
perfected  which  consisted  of  treating  sodium  chloride  with  nitric  acid. 
The  synthetic  sodium  nitrate  now  found  on  the  American  market  is 
marketed  under  the  brand  name  of  Arcadian.  It  is  manufactured  at  Hope- 
well,  Virginia. 

In  Norway  synthetic  nitrate  is  made  from  calcium  nitrate.  Calcium 
nitrate,  according  to  Merz  (1937),  is  passed  through  a  sodium  zeolite  to 
obtain  a  sodium  nitrate  solution,  the  sodium  zeolite  being  simultaneously 
converted  into  calcium  zeolite.  The  calcium  zeolite  is  reconverted  into  the 
sodium  zeolite  for  reuse  by  passing  sea  water  through  it. 

By-product  Sodium  Nitrate 

During  the  World  War  II  period,  by-product  sodium  nitrate  was  pro¬ 
duced  at  Holston,  Tennessee.  This  sodium  nitrate  contained  only  14  per 
cent  nitrogen.  In  1944  15,000  tons  were  produced  but  its  production 

ceased  with  the  war. 


Physical  Characteristics  of  Sodium  Nitrate 

Two  brands  of  Chilean  sodium  nitrate  are  now  found  on  the  American 
market-original  Old  Style  and  Champion.  The  Old  Style  brand  is  the 
sodium  nitrate  produced  by  the  Shanks  process.  It  may  vary  in  color  from 
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a  pink  through  yellow  to  a  gray  or  violet.  The  yellow  color  is  caused  by 
the  presence  of  manganese  nitrate,  and  the  violet  color  is  due  largely  to  the 
presence  of  manganese  chloride.  The  Old  Style  or  Standard  brand  of 
sodium  nitrate  is  crystalline  and  somewhat  deliquescent  but  owing  to  an 
improved  mechanical  condition  and  bagging  it  has  less  tendency  to  be¬ 
come  lumpy  than  was  formerly  the  case.  It  is  alkaline  to  litmus. 


Fig.  16.  Principal  steps  in  the  fixation  of  atmospheric 
nitrogen  as  sodium  nitrate.  (Courtesy,  The  Barrett 
Division,  Allied  Chemical  and  Dye  Corporation.) 

Explanation  of  diagram:  In  (A)  air,  containing  the 
nitrogen,  and  steam  are  blown  through  glowing  coke, 
producing  a  number  of  gases  including  nitrogen  and 
hydrogen;  (B)  indicates  converters  and  compressors, 
and  "scrubbers”  to  remove  impurities  from  the  hydro¬ 
gen  and  nitrogen  gases;  in  converter  (C)  the  hydrogen 
and  nitrogen  are  combined,  under  pressure  and  heat,  to 
make  ammonia  gas  which  passes  into  another  converter 
(D)  where  it  is  burned  with  air  (oxidized)  to  make  nitric 
acid;  when  nitric  acid  reacts,  as  in  mixer  (E),  with  a 
so  ution  of  soda  ash  it  forms  a  neutral  or  slighly  alkaline 
solution  of  sodium  nitrate  and  liberates  carbon  dioxide 
gas;  the  nitrate  solution  is  evaporated  in  (F);  then  the 
nitrate  is  filtered  and  dried,  and  is  conveyed  to  storage 
or  put  in  moisture-resisting  bags  for  shipment. 


duced  bv  Z  r  0t  ? 1amP'0n  ^  °f  Chilean  S°dium  nitraK  is  P">- 
mnulated  f  Gu«gfnhe™  method  and  appears  on  the  market  in  a 

Leant  of  rs1!  ”1'  Tf  Sh°tlike  Pe“€tS'  *  is  ver^  whlte  in  color, 
se  of  its  granulated  form  and  low  moisture  content  it  has  a  better 

mers  prefer  the  Old  Style  sodium  nitrate.  The  Greater  cart  of  rbl 

chiii^^rr^s'bTr7; now  shippej  in  tuik  fr°m 


40 


Source,  Production,  and  Use  of  Sodium  Nitrate 


The  synthetic  Arcadian  (American)  sodium  nitrate  is  produced  in  the 
form  of  cubical  crystals  with  rounded  edges,  about  the  size  of  No.  6  bird 
shot,  and  is  guaranteed  to  carry  16  per  cent  of  nitrogen.  It  is  low  in  mois¬ 
ture  content  and  is  in  a  good  mechanical  condition  for  distribution,  but 
has  a  slightly  greater  tendency  to  "blow”  than  the  Champion  Chilean 
brand  when  broadcast  during  windy  weather. 

Chemical  Composition  of  Sodium  Nitrate 

Chilean  sodium  nitrate  is  from  96  to  99  per  cent  pure,  the  Champion 
brand  being  freest  of  impurities.  Both  brands  are  guaranteed  to  contain  16 
per  cent  nitrogen.  Perchlorates  have  sometimes  been  found  in  Old-Style 
Chilean  sodium  nitrate  and  when  found  in  amounts  over  1  per  cent  may 
cause  serious  injury  to  the  crop  to  which  the  sodium  nitrate  is  applied. 
Little  complaint  has  arisen  because  of  the  presence  of  perchlorates  in 
recent  years.  The  sodium  perchlorate  content  of  the  Ch'lean  brands  ot 
sodium  nitrate  found  on  the  market  today  may  vary  from  a  trace  to  0.94 
per  cent,  the  greatest  amount  being  found  in  the  Shanks  process  product. 

As  impurities,  Chilean  sodium  nitrate  carries  small  amounts  of  potas¬ 
sium,  boron,  magnesium,  iodine,  calcium,  chlorine,  and  sulfur,  and 

Table  14 


Composition  of  Representative  Samples  of  Chilean  Sodium  Nitrate 


1 

Old-Style 
( per  cent) 

Champion 
( per  cent) 

0.940 

0.220 

0.060 

0.120 

None 

None 

Iron  oxide  and  alumina . 

0.638 

0.470 

Sodium  chloride  tiNacj; .  . . 

0.111 

0.279 

Potassium  sullate  . 

0.105 

0.041 

Sodium  chlorate  (NaCIOs)  including  percniorai 

0.096 

0.038 

Sodium  borate  (,JNa2D4U7; . 

0.030 

0.064 

Sodium  iodate  (NalCh)  including  Dromacc.  .  .  . 

0.044 

0.073 

Calcium  nitrate  . 

0.200 

0.280 

Magnesium  nitrate  (MgliNUs^ . 

1.782 

0.170 

Potassium  nitrate  (,1s.  IN  o 3^ . 

95.994 

98.245 

100.00  • 

100.00 

Nitrogen  (Devarda) . 

Nitrogen  (by  difference) . 

0.890 

16.100 

16.108 

0.230 

16.250 

16.271 

Chemical  Composition  of  Sodium  Nitrate 
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spectrographic  analyses  show  traces  of  twenty-two  other  elements.  It 
should  be  mentioned,  however,  that  spectrographic  analyses  of  most 
crude  fertilizer  materials  show  traces  of  a  laige  number  of  elements.  Shive 
(1936)  has  secured  results  that  seemed  to  show  that  the  entire  boron  and 
manganese  requirements  of  some  plants  might  be  satisfied  by  the  amounts 
of  these  elements  present  as  impurities  in  normal  applications  of  Old 
Style  Chilean  sodium  nitrate  when  the  plants  are  grown  in  culture  solutions 
and  washed  sand  cultures. 

The  composition  of  representative  samples  of  Old  Style  and  Champion 
brands  of  Chilean  sodium  nitrate,  as  reported  to  the  author  by  the  Chilean 
Nitrate  of  Soda  Educational  Bureau  in  1938,  is  given  in  Table  14.  The 
composition  of  a  representative  sample  of  Arcadian  sodium  nitrate,  as 
reported  to  the  author  by  the  Barrett  Company  in  1946,  is  given  in  Table 
15. 

Sodium  nitrate  is  commonly  referred  to  by  the  southern  farmer  as 
"soda.-’  Chemically  speaking,  the  term  soda  may  refer  either  to  the 
chemical  compounds  Na2CO3.10H2O  or  NaHC03. 


Table  15 

Typical  Analysis  of  Arcadian,  the  American  Nitrate  of  Soda 

Sodium  nitrate. .  . 

99.32%  (not  less  than  99.5%  dry  basis) 
'16.37% 

Trace 

0.31%  (not  more  than  0.50%) 

0.37%  (not  more  than  0.50%  NaCl) 

0  01%  (less  than) 

0.05%  (  "  "  ) 

0.20%  (  "  ”  ) 

0.10%  (  "  "  ) 

0.10%  (  "  "  ) 

0.01%  (  ”  "  ) 

Total  nitrogen. 

Insoluble .  .  . 

Moisture.  .  .  . 

Sodium  chloride  and  other  solubles 

Alkalinity  as  Na,0 

Sodium  nitrite 

Sodium  sulfate.  . 

Calcium  oxide 

Magnesium  oxide 

Fe203  and  ALoOt 

■ - ■ - - - - - - - - 

'  ‘  - ■ - —  _ 

The  presence  of  rod, ne-  about  1.5  pounds  per  ton-has  led  American 
and  European  dealers  of  Chilean  sodium  nitrate  to  claim  that  sod.um 
mate  when  used  as  a  ferttlizer  for  food  crops  has  some  virtue  as  a  preven- 

whicfwould  b''5'  CfOPS  7  C°nSUmed  ^  man-  No  Jata  «e  available 
which  would  substantrate  such  claims,  but  the  theory  contains  elements 

=  sl 
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phosphate,  and  limestone  rocks  may  contain  enough  iodine  to  influence 
the  iodine  content  of  crops  when  they  are  applied  to  crops  in  adequate 
amounts. 


Availability  of  Sodium  Nitrate 


It  is  generally  conceded  by  agronomists  that  the  nitrogen  of  fertilizers 
that  is  readily  soluble  in  water  is  available  to  crops.  Sodium  nitrate  is 
readily  soluble  in  water  and  because  of  this  it  may  diffuse  rapidly  in  the 
soil.  It  is  therefore  immediately  available  for  plant  absorption  following 
application  and  solution,  but  because  of  this  and  the  nature  of  the  salt  it 
is  also  subject  to  loss  by  leaching.  Most  field  crops,  after  they  reach  an  age 
at  which  they  begin  to  synthesize  their  own  food,  appear  to  utilize  most 
of  their  nitrogen  to  best  advantage  in  the  nitrate  form,  and  some  crops, 
such  as  the  sugar  beet,  are  particularly  responsive  to  nitrates. 


Influence  of  Sodium  Nitrate  on  Physical  Condition 

of  Soil 

As  sodium  compounds  have  the  power  to  deflocculate  soil  colloids, 
the  continuous  application  of  sodium  nitrate  in  large  quantities  to  some 
soils,  particularly  to  those  that  are  high  in  colloidal  matter,  will  result  in 
the  production  of  a  poor  physical  condition.  This  influence  of  sodium 
nitrate  on  the  physical  condition  ©f  the  soil  was  early  noted  by  Hall  (1904) 
at  the  Rothamsted  Experiment  Station  in  England,  and  by  B.  E.  Brown 
(1909)  and  more  recently  by  Aldrich  et  al.  (1945)  in  this  country.  Aldrich, 
whose  work  was  done  in  California,  found  that  if  gypsum  is  applied 
with  the  sodium  nitrate  the  percolation  of  water  is  not  so  poor  as  without 
it  Also  in  1945  Fireman  et  al.  showed  that  of  51  western  soils  studied 
the  permeability  of  over  one-half  of  these  soils  was  seriously  reduced  by 
the  application  of  sodium  nitrate  and  that  the  average  reduction  in  per¬ 
meability  rates  was  41  per  cent.  Schollenberger  and  Dreilbelbis  (1930)  and 
others  pointed  out  that  in  humid  regions  this  influence  on  soil  structure 
is  rarely  brought  about  by  the  application  of  sodium  nitrate  in  quantities 
as  generally  applied.  Similar  results  but  less  pronounced  may  be  secured 
from  the  use  of  potassium  nitrate  when  applied  under  similar  conditions. 


Influence  of  Sodium  Nitrate  on  Soil  Acidity 

The  influence  of  sodium  nitrate  on  soil  acidity  is  noted  often  in  expem 
mental  work.  Sodium  nitrate  is  a  neutral  salt  bur  it  ,s 
and  therefore  it  has  the  power  to  reduce,  to  some  extent,  the  acid.ty  of 
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soil,  and  may  thus  be  employed  with  additional  advantage  on  acid  soils  if 
some  form  of  lime  is  not  being  used.  Its  influence  in  this  respect  is  even 
greater  than  that  of  calcium  or  potassium  nitrate,  but  not  as  great  as  that 
of  calcium  cyanamide.  Theoretically,  100  pounds  of  sodium  nitrate  has  a 
neutralizing  value  equivalent  to  about  60  pounds  of  ground  limestone. 
Skinner  and  Beattie  (1917)  applied  sodium  nitrate  at  the  rate  of  150  pounds 
per  acre  to  one-half  of  each  of  14  plats.  After  five  years  of  cropping  the 
lime  requirement  of  the  top  six  inches  of  the  soil  of  each  half  plat  was 
determined.  Their  results  showed  that  with  two  exceptions  the  lime 
requirement  of  the  soil  was  materially  reduced  through  the  use  of  sodium 
nitrate. 

Gardner  (1917)  determined  and  reported  the  lime  requirement  in  1910 
and  1915  of  the  surface  seven  inches  of  soil  of  all  plats  of  the  famous 
Pennsylvania  experiments  that  have  received  nitrogen  as  sodium  nitrate. 
The  fertilizer  treatments  have  been  in  operation  since  1883.  His  results 


Table  16 

Influence  of  Sodium  Nitrate  on  the  Lime  Requirement  of  the  Soil 
(Jordan  Plats,  Pennsylvania  Experiment  Station) 


Nitrogen  Applied 
as  Sodium  Nitrate 

Lime  Requirement  in 

Pounds  of  CaCOz  per  Acre 

Every  Two  Years 

1910 

1915 

24  lbs . 

843 

730 

750 

1983 

1941 

1898 

48  lbs . 

72  lbs . 

are  given  in  Table  16.  They  also  show  that  an  application  of  sodium 
nitrate  will  reduce  the  lime  requirements  of  acid  soils.  Incidentally,  these 
data  also  show  the  rapidity  with  which  a  soil  tends  to  become  acid  after 
the  development  of  acidity  has  begun.  As  might  be  expected,  the  ouan- 
titles  o  sodium  nitrate  applied  in  these  experiments  have  not  greatly 
retarded  the  development  of  soil  acidity.  6  y 

Although  sodium  nitrate  may  neutralize  a  small  amount  of  soil  acidity 
it  should  not  be  applied  with  the  idea  of  correcting  the  soils  need  for 
me.  The  ineffectiveness  of  sucl,  a  procedure  is  demonstrated  by  the 
Pennsylvania  experiments.  It  is  well  to  keep  in  mind  that  the  influence  of 
sodium,  potassium  and  calcium  nitrates  on  soil  reaction  is  just  opposite 

salts  Innhcat  ^  USC  °f  amm°nillm  sulf«e  “d  other  ammoniacal 
ts.  Applications  of  ammonium  sulfate  to  the  soil  result  in  increased 
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acidity.  This  is  due  in  part  to  the  fact  that  some  of  the  ammonium  ions  are 
absotbed  by  plants  and  the  excess  sulfate  ions  are  left  in  the  soil,  and  in 
part  to  the  fact  that  some  of  the  ammonium  ions  are  converted  to  nitric 
acid  which,  in  turn,  neutralizes  some  of  the  soil  calcium.  Some  farmers 
have  been  known  to  follow  the  practice  of  alternating  the  use  of  sodium 
nitrate  and  ammonium  sulfate  but  this  practice  will  not  in  itself  maintain 
the  reaction  of  the  soil  or  prevent  a  drift  to  greater  acidity. 

Influence  of  Sodium  Nitrate  on  Liberation  of  Potash 

An  idea  current  among  some  fertilizer  men,  that  has  persisted  for  a 
quarter  of  a  century,  is  to  the  effect  that  the  sodium  which  is  left  in  the  soil 
after  the  nitrate  ion  of  sodium  nitrate  has  been  absorbed  by  plants  will 
give  rise  to  a  substitution  of  bases  in  the  soil  which  will  result  in  again 
making  fixed  potash  available  for  plant  use.  This  influence  of  sodium 
nitrate  is  of  doubtful  value,  for  the  standard  oxidation  reduction  potentials 
of  potassium  and  sodium  are  such  as  to  lead  one  to  believe  that  the  quan¬ 
tity  so  set  free  would  be  small.  Sodium  may,  however,  supplement  potas¬ 
sium  as  a  plant  nutrient.  This  influence  has  been  noted  by  many  investi¬ 
gators,  including  those  at  the  Rothamsted  Experiment  Station,  England. 

Use  of  Sodium  Nitrate  in  Arid  and  Semiarid  Regions 

Because  of  the  deflocculating  effect  of  sodium  on  soil  colloids,  sodium 
nitrate  probably  should  not  be  employed  under  arid  or  semiarid  conditions 
as  the  main  source  of  nitrogen  if  the  soil  contains  a  high  content  of 
sodium  carbonate.  Under  these  conditions  nitrogen  carriers  which  are 
acid-forming  fertilizers,  such  as  ammonium  sulfate,  would  appear  to  be 
preferable  to  sodium  nitrate. 

There  is  only  a  little  experimental  evidence  available  that  would  indi¬ 
cate  the  best  practice  to  follow  in  nitrogen  fertilization  in  and  regions. 
It  is  known  that  nitrates  are  often  preferred  for  crops  growing  under  condi- 
tions  of  low  rainfall,  for  under  these  conditions  ammonification  and  the 
oxidation  of  ammonia  to  nitrites  and  then  to  nitrates  is  slow.  Since  rela¬ 
tively  high  concentrations  of  the  carbonates  and  chlorides  of  sodium  and 
potassium  rather  effectively  precipitate  calcium  from  the  soil  solution,  the 
uniformly  favorable  crop  response  obtained  from  applications  of  calcium 
nitrate  to  alkaline  soils  may  be  ascribed  in  part  to  the  nitrate  form  o 
nitrogen  and  in  part  to  the  soluble  calcium  combined  with  the  strong 

nitrate  anion. 
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Influence  of  Sodium  Nitrate  on  Conservation 
of  Soil  Lime 


The  application  of  sodium  nitrate  to  the  soil  may  aid  in  conserving 
calcium  and  magnesium  in  the  soil.  An  application  of  sodium  nitrate  will 
reduce  the  quantity  of  calcium  and  magnesium  salts  and  increase  the 
quantity  of  sodium  salts  that  normally  pass  out  of  the  soil  in  the  drainage 
water.  Bases  are  leached  from  the  soil  only  in  combination  with  strong 
anions  so  that  the  quantity  of  bases  removed  from  the  soil  in  the  drainage 
water  is  correlated  with  the  amount  of  strong  anions  arising  in  the  soil. 
Also,  the  basic  elements  removed  from  the  soil  in  drainage  water  depend 
upon  the  nature  and  quantity  of  the  basic  elements  present  in  the  soil  col¬ 
loidal  complex.  In  most  soils  in  humid  climates  anions  combine  largely 
with  calcium  and  magnesium  when  the  soil  is  neutral,  and  with  iron,  alu¬ 
minum,  and  manganese  when  the  soil  is  distinctly  acid;  whereas,  in  arid 
and  semiarid  climates  anions  combine  largely  with  sodium  and  potassium. 
When  sodium  nitrate  is  applied  to  humid  soils  the  sodium  not  absorbed 
by  plants  neutralizes  soil  acidity  and  in  this  way  helps  to  conserve  the 
calcium  and  magnesium  supply  of  the  soil.  At  the  Rothamsted  Experi¬ 
ment  Station,  England,  it  was  determined  by  Voelcker  (1874)  that  con- 


Fm.  17.  Bagging  Arcadian  sodium  nitrate  at  Hopewell  Virginia  (c 

Barrect  Division.  Allied  Chenaical  1 
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tinued  fertilization  with  sodium  nitrate  on  Broadbalk  field  reduced  the 
annual  loss  of  lime.  Similar  results  have  been  secured  by  many  investi¬ 
gators  in  this  country. 

Visible  Influence  of  Sodium  Nitrate  on  Plant  Growth 

Nitrogen  is  the  first  limiting  element  of  plant  growth  in  many  of  the 
soils  of  the  eastern  and  southern  sections  of  the  United  States.  For  this 
reason  the  application  of  any  readily  available  nitrogenous  fertilizer  often 
materially  increases  crop  growth.  This  effect  following  an  application  of 
sodium  nitrate  is  often  noted  by  the  layman,  with  the  result  that  in  the  past 
sodium  nitrate  has  been  looked  upon  by  many  as  a  stimulant.  This  is  an 
erroneous  conception  and  should  be  discredited. 

How  Sodium  Nitrate  Should  Be  Applied 

Because  sodium  nitrate  is  readily  and  entirely  soluble  in  water,  and 
because  the  nitrate  ion  is  not  absorbed  by  soil  colloids,  it  should  be 
applied  for  early  utilization  by  the  crop  following  application.  This  princi¬ 
ple  is  applicable  to  all  nitrate  fertilizers.  The  loss  of  nitrates  in  drainage 
water  is  especially  severe  when  nitrates  are  applied  to  sands,  and  par¬ 
ticularly  sands  with  open  subsoils,  from  which  they  may  be  leached  easily. 
Larger  quantities  of  sodium  nitrate  may  be  applied  to  clays  than  to  sands, 
but  even  in  such  cases  the  application  of  quantities  greater  than  that  which 
the  crop  is  in  position  to  utilize  within  a  reasonable  length  of  time  should 
be  avoided.  When  large  amounts  are  to  be  used  it  will  be  found  best  to 
apply  sodium  nitrate  in  two  or  more  applications.  Such  a  practice  will 
minimize  the  loss  of  nitrogen  by  leaching,  and  at  the  same  time  will 
avoid  injuring  plant  roots  by  applying  excessive  quantities  of  soluble  salt 
at  one  time.  The  first  application  may  be  broadcast  or  applied  in  the  hill  or 
drill  before  planting,  and  the  second  and  later  applications  may  be  applied 
as  side-dressings  or  top-dressings.  Top-dressings  of  sodium  nitrate  often 
appear  to  be  more  effective  during  cool  than  during  warm  seasons. 

Exhaustive  Effect  of  Sodium  Nitrate  on  Soil 

Many  farmers  and  soil  investigators  have  called  attention  to  the  ap¬ 
parent  exhaustive  effect  upon  the  fertility  of  the  soil  of  the  continuous 
use  of  sodium  nitrate  when  sodium  nitrate  was  the  only  fertilizer  used. 
This  effect  may  also  be  observed  where  any  other  readily  available  nitrog¬ 
enous  fertilizer  is  used  in  the  same  way.  The  results  noted  arise  from 
the  improper  use  of  fertilizer  in  general.  The  increase  in  plant  growth 
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induced  by  the  application  of  the  sodium  nitrate  results  in  the  absorption 
from  the  soil  by  crops  of  large  quantities  of  phosphoric  acid  and  potash. 
In  time,  this  increased  removal  of  phosphoric  acid  and  potash  results  in  a 
marked  deficiency  of  these  nutrients,  and  a  diminished  crop  yield  results. 
Such  a  condition  can  be  avoided  by  employing  a  more  rational  system 
of  fertilization  whereby  an  application  of  other  nutrients,  which  are  likely 
to  become  deficient  in  the  soil,  is  made  in  addition  to  the  sodium  nitrate. 

Efficiency  of  Sodium  Nitrate 

In  general,  comparative  tests  with  nitrogeneous  fertilizers  have  shown 
that  sodium  nitrate  is  as  efficient  for  most  crops  as  any  other  cairier  of 
nitrogen.  Sodium  nitrate  often  produces  the  highest  yield  of  crops  in 
comparative  nitrogen  fertilizer  tests  conducted  on  acid  soils.  This  is 
probably  due  in  part  to  the  presence  of  the  sodium  ion  in  addition  to  the 
nitrate  ion,  and  to  the  fact  that  the  acidity  of  the  soil  is  reduced  or  at  least 
not  increased. 

In  the  following  table  are  given  the  results  of  a  nine-year  test  of  the 
relative  crop-producing  power  of  sodium  nitrate  as  compared  with  that 
of  ammonium  nitrate  and  ammonium  sulfate  when  applied  to  cotton  at 
the  rate  of  30  pounds  of  nitrogen  per  acre.  These  results  are  representative 
of  the  data  secured  from  many  similar  tests  that  have  been  conducted  by 
the  various  state  experiment  stations. 


Table  17 

Relative  Crop-producing  Value  of  Sodium  Nitrate,  Ammonium 
Nitrate,  and  Ammonium  Sulfate  Applied  to  Cotton  at  the 
Stoneville,  Mississippi,  Experiment  Station,  1921-1929 


Nine-year  Average 


Source  of  Nitrogen 

Pounds  Seed  Cotton  per  Acre 

Per  C.erjt 

Yield 

Increase 

Increase 

Check — no  fertilizer 

1503.85 

7 - 

Sodium  nitrate. . 

446 . 66 
414.48 
354.85 

•  • 

Ammonium  nitrate 

.  J  I 

1918.33 

IftSQ  ~7f\ 

29.70 

Ammonium  sulfate 

27.56 

23.59 

In  well-drained  soils  non-nitrate  forms  of 
converted  largely  to  the  nitrate  form  before  they 


nitrogenous  fertilizers  are 
are  extensively  assimilated 
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by  general  field  crops.  This  conversion  may  result  in  a  loss  to  the  plant  of  a 
part  of  the  nitrogen,  and  it  would  therefore  necessarily  lower  the  efficiency 
of  those  fertilizers.  Twenty-one  year  results  secured  at  the  New  Jersey 
Experiment  Station  by  Lipman  and  Blair  (1918)  have  shown  that,  under 
the  conditions  of  the  experiment,  crops  recovered  more  nitrogen  from 
sodium  nitrate  than  from  ammonium  sulfate,  dried  blood  or  green  manure. 

Relative  Agricultural  Value  of  Brands  of  Sodium  Nitrate 

A  great  deal  of  propaganda  has  been  carried  on  in  recent  years  to 
convince  the  farmer  of  the  superior  value  of  a  given  brand  of  sodium 
nitrate  over  that  of  others.  Much  of  this  propaganda  has  been  fallacious 
and  has  often  led  the  farmer  to  erroneous  conclusions. 

Comparative  tests  of  different  brands  of  sodium  nitrate  found  on  the 

American  market  have  been  made  by  a  number  of  American  agricultural 

\ 


Table  18 

Comparative  Yields  of  Seed  Cotton  with  Three  Brands  of  Sodium  Nitrate 


State 

Station 

1 

How 

Used 

Years 

Yields  Seed  Cotton 

Arcadian 

Champion 

Old  Style 

Arkansas 

Marianna 

Under 

5 

240.4* 

X 

214.9* 

Texas 

College  Sta. 

Under 

3 

261  f 

X 

245  f 

Louisiana 

Baton  Rouge 

St.  Joseph 

St.  Joseph 
Calhoun 

Under 

Under 

Side 

Under 

6 

7 

4 

8 

1510 

2068 

2103 

1193 

X 

X 

X 

X 

1472 

2068 

2094 

1183 

Mississippi 

Stoneville 

Stoneville 

Stoneville 

Stoneville 

Stoneville 

Stoneville 

Under 

Under 

Under 

Under 

Under 

Under 

7 

9 

3 

7 

7 

3 

1354 

1092 

1771 

1583 

920 

1247 

X 

1051 

1789 

1514 

913 

1241 

1353 

1102 

X 

X 

X 

X 

Georgia 

Main 

Under 

4 

1034 

X 

1013 

1136 

763 

1891 

1183 

782 

1888 

1134 

785 

1883 

South  Carolina 

Clemson 

Sandhill 

Pee  Dee 

Side 

Side 

Side 

5 

5 

6 

*  Increases  over  checks,  seed  cotton, 
t  Yield — lint  cotton. 
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experiment  stations  but  few  have  reported  results  which  would  indicate 
that  one  brand  of  sodium  nitrate  is  materially  superior  to  another.  In 
Table  18  are  given  results  of  some  comparative  tests  conducted  in  six 
states.  This  data  has  been  compiled  from  the  results  reported  by  Gray 
(1938),  Stewart  (1936),  Haddon  (1936),  Dowell  (1937),  Kuykendall  (1937, 
1938),  Bledsoe  (1937),  and  Cooper  et  al.  (1937). 

Residual  Effects  of  Sodium  Nitrate 

Although  sodium  nitrate,  like  all  nitrates,  may  readily  be  leached  from 
the  soil,  many  farmers  have  noted  that  applications  of  sodium  nitrate  fre¬ 
quently  show  a  prolonged  residual  effect,  sometimes  observable  several 
seasons  after  application.  This  has  been  apparent  often  on  pasture  land 
and  in  orchards.  The  effect  noted  is  probably  due  largely  to  a  residual 
influence  of  the  increased  growth  of  the  root  systems  of  the  crops  fertilized 
although  it  might  be  due  in  part  to  a  bacterial  fixation.  Much  nitrogen  is 
consumed  by  microorganisms,  particularly  in  soils  that  contain  large 
amounts  of  high-carbonate  organic  matter. 


Influences  of  Sodium  Nitrate  on  Soil  Flora 


The  number  of  soil  microorganisms  and  their  kinds  and  activities  de¬ 
pend,  among  other  things,  upon  the  kinds  and  amounts  of  food  or  energy- 
yielding  material  present  in  the  soil.  Soil  organisms  are  largely  plant 
organisms  and  they  feed  upon  nutrients  applied  in  fertilizers  as  do  the 
higher  plants.  For  this  reason,  an  application  of  sodium  nitrate  or  any 
other  readily  available  nutrient  may,  and  often  does,  bring  about  a  marked 
increase  in  the  numbers  and  activities  of  some  of  the  soil  microorganisms. 

Quantities  of  Sodium  Nitrate  Applied  to  Crops 


The  amounts  of  sodium  nittate  applied  per  acre  to  farm  crops  vary 
widely  in  the  various  crop.producing  areas  of  the  United  States.  Usually 
30  to  500  pounds  per  acre  are  applied  to  general  field  crops.  Truck  crops’ 
and  especially  those  truck  crops  that  are  grown  primarily  for  their  foliage’ 

nirreanterpCeer'Vaec,Veery  HeaVy  appliCad°ns-1000  or  more-of  sodium 


Although  the  legumes  have  the  power  to  get  nitrogen  indirectly  from 
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Florists  often  recommend  that  a  solution  consisting  of  1  ounce  of 
sodium  nitrate  to  2  gallons  of  water  be  used  for  fertilizing  flowers  in 
greenhouses.  Sodium  nitrate  is  also  used  advantageously  in  starter  solu¬ 
tions  and  in  irrigation  water  that  is  to  be  applied  to  truck  crops.  The 
sodium  nitrate  is  used  most  advantageously  at  a  rate  not  exceeding  50 
pounds  to  each  7000  to  8000  gallons  of  irrigation  water. 
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Manufacture  and  Use  of  Ammonium  Sulfate 


The  consumption  of  ammonium  sulfate  for  fertilizer  purposes  has  now 
exceeded  that  of  sodium  nitrate,  which  for  years  was  the  world’s  principal 
carrier  of  nitrogen.  Ammonium  sulfate  is  the  source  of  the  greater  part  of 
the  nitrogen  found  in  the  mixed  commercial  fertilizers  produced  in  the 
United  States  and  accounts  for  about  half  of  the  nitrogen  consumed  in 
fertilizers  by  the  world. 


Source  of  Ammonium  Sulfate 


Most  of  the  ammonium  sulfate  used  in  this  country  is  a  by-product  of 
the  destructive  distillation  of  coal,  bituminous  shales  and  bones.  Other 
by-products  of  the  same  process  are  illuminating  gas,  shale  oils,  and  bone 
char.  Bituminous  coal  suitable  for  destructive  distillation  varies  in  its 
nitrogen  content  from  about  0.8  to  1.5  per  cent,  of  which  only  about  25  per 
cent  can  be  recovered  when  the  coal  is  heated  in  closed  retorts.  When  the 
coal  is  heated  in  open  fires  the  nitrogen  escapes  into  the  atmosphere.  The 
heating  of  coal  to  high  temperatures  results  in  many  of  its  complex  com¬ 
pounds  being  broken  down,  and  in  a  part  of  them  escaping  as  gas.  If  the 
heating  is  accomplished  under  conditions  where  the  air  is  excluded  the 
process  is  known  as  destructive  distillation. 


Small  amounts  of  ammonium  sulfate  are  being  made  in  the  Unitec 
States  from  mtrogen  fixed  by  the  cyanamide  process  and  small  quantitie. 
of  synthetic  ammonium  sulfate  were  imported  from  Germany  and  japan  it 
lie  years  prior  to  World  Wat  II.  A  promising  method  of  manufeaurin 

ammonium  sulfate  from  the  sulfur  and  nitrogen  originating  in  coal  t 
under  experimentation  in  Europe.  g 


Methods  Used  in  Coking  of  Coal 

In  this  country  three  methods  ate  used  for  the  coking  of  coal-  ('ll  Th 
coking  of  coa,  alone  in  what  is  known  as  the  beehive6  coke  oven  5 
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Fig.  18.  Coke  ovens,  South  Chicago,  Illinois.  This  type  of  plant  supplies  most 
of  the  ammonium  sulfate  used  as  fertilizer  in  the  United  States.  (Courtesy,  The 
Koppers  Company.) 

» 

volatile  part  of  the  coal,  instead  of  being  caught  and  held  as  a  valuable 
by-product,  is  burned  and  furnishes  the  heat  necessary  for  the  coking. 
Because  of  the  tremendous  waste  associated  with  the  coking  of  coal  by 
means  of  the  beehive  oven,  it  is  only  a  matter  of  time  until  this  oven  will 
be  replaced  entirely  by  ovens  of  the  recovery  type.  During  World  War  I 
ammonium  sulfate  sold  for  $110.00  a  ton  and  this  helped  considerably  in 
the  change-over  from  beehive  ovens.  (2)  The  coking  of  coal  in  the  coal 
retort.  This  retort  is  specially  designed  to  supply  illuminating  gas.  The 
principal  by-products  of  this  process  are  ammonia,  coke,  and  tar.  (3)  The 
coking  of  coal  in  the  by-product  coke  oven.  This  oven  is  primarily  designed 
for  the  production  of  metallurgical  coke.  The  by-products  of  this  process 
are  ammonia,  tar,  and  illuminating  gas.  Today,  approximately  97  per  cent 
of  the  coke  manufactured  in  the  United  States  is  made  in  by-product 

ovens. 


Recovery  of  Ammonia  from  Coal  Gas 

The  gas  that  volatilizes  as  coal  is  coked  is  a  mixture  made  up  largely  of 
ammonia,  carbon  dioxide,  hydrogen,  methane,  water  vapor  and  fine  y 
divided  particles  of  tat.  Small  amounts  of  many  other  substances,  sue 
ethylene,  naphthalene,  and  other  hydrocarbons,  may  be  present  also.  At 
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one  time  the  ammonia  was  recovered  by  cooling  the  gas  and  bubbling  it 
through  water.  The  ammonia  gas  was  absorbed  by  the  water  and  formed 
an  ammonia  or  gas  liquor.  Enough  sulfuric  acid  was  added  to  the  ammonia 
liquor  to  neutralize  the  ammonia  and  crystallize  out  the  ammonium  sulfate 
salt.  This  was  a  crude  process  and  the  ammonium  sulfate  produced  by  this 
method  contained  a  high  percentage  of  impurities.  For  this  reason,  this 
method  was  largely  replaced  by  a  process  in  which  the  ammonia  liquor  is 
distilled  before  the  ammonia  is  neutralized  with  sulfuric  acid.  This  is 
accomplished  by  treating  the  ammonia  liquor  with  an  alkali,  usually  lime, 
which  is  added  to  set  free  the  fixed  ammonia.  The  ammonia  is  then  driven 
off  by  means  of  steam.  This  mixture  of  ammonia  and  steam  is  then  led  into 
tanks  of  sulfuric  acid  where  the  ammonium  sulfate  is  precipitated.  The  salt 
is  then  removed  by  long-handled  copper  ladles  and  allowed  to  drain. 
Sometimes  it  is  washed  with  weak  ammonia  water  for  the  purpose  of  re¬ 
moving  any  free  acid  still  adhering  to  the  product.  It  is  then  further  dried 
in  a  centrifuge,  or  sometimes  by  exposing  the  material  to  a  current  of  hot 
air,  after  which  it  is  bagged  for  shipment. 

In  recent  years  modern  coke  oven  plants  have  adopted  a  still  more 
efficient  method  of  ammonia  recovery  in  which  the  oven  gases  pass  directly 
into  a  weak  60°  (Baume)  solution  of  sulfuric  acid  where  they  are  deprived 
of  their  ammonia.  This  is  known  as  the  direct  method  and  is  now  used  by 
practically  all  of  the  by-product  producers  in  this  country.  In  general,  the 
process  consists  of  passing  the  gases  from  the  ovens  through  coolers  and  a 
tar  extractor,  and  then  to  a  saturator  containing  dilute  sulfuric  acid.  A  cer¬ 
tain  amount  of  gas  liquor  is  obtained  in  the  coolers,  but  this  liquor  is 
usually  distilled  and  the  ammonia  passed  into  the  saturator  with  the  oven 


gases. 

Because  of  the  unprofitableness  of  ammonia  recovery  less  than  half  of 
the  coal-gas  plants  in  the  United  States  make  any  attempt  to  recover  the 
ammonta.  In  1940  our  ammonium  sulfate  production  of  about  670  000 
tons  was  produced  in  about  108  coke  works  located  in  18  states. 

At  this  point  it  is  of  interest  to  note  that  should  phosphoric  acid 
become  a  cheap  industrial  agent,  the  manufacture  of  ammonium  phos- 

plaTs™7  ^  aCC  <he  manufecmre  of  amm°nium  sulfate  at  the  coke  oven 


By-products  Secured  from  Coal  Distillation 

It  has  been  estimated  that  a  net  ton  of  coking  coal  yields  about  an 
pounds  of  ammonium  sulfate.  It  also  yields  about  1440  pounds  of  coke 
9-0  gallons  of  tat,  2.5  gallons  of  crude  benzol,  and  10,000  cubic  feet  of  g 


;as. 
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Synthetic  Ammonium  Sulfate 

In  1923  synthetic  ammonium  sulfate  from  the  German  nitrogen  fixa¬ 
tion  plants  came  into  the  world  market  in  large  quantities.  It  is  now  manu¬ 
factured  in  limited  quantities  in  many  other  countries.  Ammonium  sulfate 
is  not,  as  might  be  supposed,  manufactured  to  any  great  extent  by  treating 
ammonia  with  sulfuric  acid,  although  this  can  be  done.  The  method  of 
manufacture  followed  is  known  as  the  gypsum  process.  By  this  method 
ammonia  water  is  conducted  into  a  tank  containing  pulverized  gypsum 
suspended  in  water.  At  the  same  time  carbon  dioxide  is  bubbled  through 
the  mixture  under  5  atmospheres  pressure.  Ammonium  carbonate  is 
formed  first,  which  in  turn  reacts  with  the  calcium  sulfate  to  form  am¬ 
monium  sulfate.  The  ammonium  sulfate  remains  in  solution  and  is  re¬ 
covered  by  evaporation  after  the  resultant  calcium  carbonate  has  been 
filtered  off. 

Synthetic  ammonium  sulfate  that  is  manufactured  in  the  United  States 
is  sold  under  the  trade  name  Arcadian.  Arcadian  ammonium  sulfate  differs 
from  the  ordinary  commercial  grade  ammonium  sulfate  in  that  it  has  been 
neutralized,  dried,  and  then  screened  to  remove  lumps. 


Characteristics  of  Ammonium  Sulfate 

Commercial  ammonium  sulfate  varies  in  color  from  a  white  through 
yellow  to  a  gray  salt.  Occasionally  various  tints  of  brown,  blue,  yellow  or 
gray  may  be  present.  These  tints  are  due  to  impurities  such  as  ferric  ferro- 
cyanide  and  arsenious  sulfide,  or  to  traces  of  tar  or  its  derivatives. 

The  by-product  ammonium  sulfate  now  found  on  the  market  contains 
practically  no  free  acid.  The  better  grades  have  a  free  sulfuric  acid  content 
of  less  than  0.15  per  cent.  Some  of  the  commercial  grades  might  slightly 
exceed  this  figure,  but  the  free  acid  content  is  seldom  over  0.5  per  cent. 
This  was  not  always  so.  At  one  time  free  acid  adhering  to  the  crystals  of 
ammonium  sulfate  caused  rotting  of  shipping  bags  and  the  formation  of 
lumps  and  hard  cakes.  This  condition  has  been  overcome  by  more 
thorough  washing  of  the  salt  and  in  some  cases  by  neutralizing  the  free 
acid  with  ammonia.  It  has  been  shown  that  large  crystals  ate  to  be  pre¬ 
ferred  to  small  ones  as  the  tendency  to  cake  is  thus  reduced. 

Pure  ammonium  sulfate  contains  21.2  per  cent  nitrogen  and  27.5  per 
cent  sulfur.  The  commercial  product  is  sold  for  fertilizer  under  a 
teed  analysis  of  20  per  cent  nitrogen.  It  is  a  fine,  crystalline  salt,  almost 
moisture-free  and  requires  no  grinding  before  use.  It  does  not  abso  b 
moisture  if  it  is  stored  in  a  reasonably  dry  place.  At  ordinary  temperatures 
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the  solubility  of  ammonium  sulfate  in  water  is  practically  equal  to  that  of 
sodium  nitrate.  Tidmore  and  Williamson  (1932)  and  many  other  investi¬ 
gators  have  shown  that  the  nitrogen  of  ammonium  sulfate  may  be  retained 
by  the  soil  in  a  form  which  does  not  leach  as  readily  as  sodium  nitrate. 


Presence  of  Thiocyanates  in  By-product  Ammonium 
Sulfate 

Thiocyanates,  such  as  NH4CNS,  may  also  be  produced  in  the  destruc¬ 
tive  distillation  of  coal  and  may  be  present  in  by-product  ammonium  sul- 


-  — 
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fate.  Thiocyanates  are  toxic  to  plants,  but  their  presence  in  ammonium 
sulfate  may  be  determined  easily  by  making  a  solution  of  the  salt  and  then 
adding  a  little  ferric  chloride.  If  the  cyanates  are  present  a  reddish  colora¬ 
tion  of  the  solution  is  produced.  The  toxic  ingredient  is  seldom  found  in 
domestic  ammonium  sulfate,  but  formerly  it  was  often  present  in  quantities 
sufficient  to  produce  injury  to  plants,  being  found  especially  in  ammonium 
sulfate  of  European  origin. 

Mixing  Superphosphate  with  Ammonium  Sulfate 

When  ammonium  sulfate  is  added  to  a  fertilizer  mixture  containing 
superphosphate,  and  the  mixture  is  allowed  to  stand  for  a  time,  the  mixture 
is  likely  to  become  hard  owing  to  a  chemical  reaction  that  may  take  place 
between  the  ammonium  sulfate  and  the  monocalcium  phosphate,  as  follows : 


(NH4)2S04  +  CaH4(P04)2.H20  +  H20  =  CaS04.2H20  +  2NH4H2P04 

For  this  reason,  when  ammonium  sulfate  is  used  in  the  preparation  of  com¬ 
plete  fertilizers  containing  superphosphate,  sufficient  time  must  be  allowed 
for  the  curing  or  completion  of  this  chemical  reaction.  Once  the  mixture 
has  been  cured  there  is  no  secondary  caking.  The  gypsum  which  is  formed 
in  the  reaction  has  2  molecules  of  water  of  crystallization,  and  as  only  1 
molecule  is  supplied  by  the  monocalcium  phosphate  the  other  molecule  of 
water  is  taken  from  the  free  moisture  in  . the  mixture.  This  moisture  absorp¬ 
tion  is  very  advantageous  in  preparing  a  dry  fertilizer  mixture.  The  addition 
of  woody  or  fibrous  organic  material  to  the  mixture  previous  to  curing  also 
reduces  the  extent  of  caking. 


Influence  of  Ammonium  Sulfate  on  Soil  Acidity 
and  Toxicity 

Ammonium  sulfate,  like  ocher  ammoniacal  fertilizer  materials,  is 
physiologically  acid  and,  as  shown  by  Barnette  and  Hester  (1930)  and 
Pierre  (1931),  and  many  other  investigators,  produces,  when  added  to  soil, 
an  increase  in  the  hydrogen-ion  concentration  of  the  soil  solution.  When 
the  acidity  of  the  soil  is  greatly  increased  many  beneficial  soil  processes  are 
interfered  with.  The  rate  of  nitrification  in  particular  is  decreased  or 
nitrification  does  not  proceed  extensively  in  the  soil  when  the  pH  o  t  re 
soil  solution  is  below  6.0.  That  the  increase  in  soil  acidity  resulting  from 
the  use  of  ammonium  sulfate  can  easily  be  corrected  through  the  use  of 
lime  or  other  basic  materials,  has  been  shown  by  Hall  and  Gumming  am 
(1907),  at  the  Rothamsted  Experiment  Station,  Noll,  Gardner,  and  Irv 
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(1931),  at  the  Pennsylvania  Experiment  Station,  and  investigators  at  many 
other  experiment  stations. 

Results  of  much  research  have  shown  also  that  the  continuous  use  of 
ammonium  sulfate  without  lime  may  result  in  the  production  in  the  soil 
of  compounds  that  are  toxic  to  crops.  The  free  acid  produced  when  am¬ 
monium  sulfate  is  added  to  the  soil  in  humid  regions  probably  first  reacts 
with  the  calcium  and  magnesium  compounds  of  the  soil  if  such  are  present. 
When  these  compounds  are  absent  it  reacts  with  the  iron,  aluminum,  and 
manganese  compounds  of  the  soil.  The  iron,  aluminum,  and  manganese 
compounds  which  are  thus  rendered  soluble,  appear  to  be  responsible  for 
a  large  portion  of  the  toxic  effects  so  often  noted  where  ammonium  sulfate 
has  been  applied  to  the  same  soil  for  a  number  of  years.  If  a  quantity  of 
lime  sufficient  to  neutralize  the  acidity  produced  by  ammonium  sulfate  is 
present  in  the  soil  to  which  the  ammonium  sulfate  is  applied  the  toxic  iron, 
aluminum,  and  manganese  compounds  will  not  be  formed. 

The  application  ol  ammonium  sulfate  has  been  known  also  to  produce 
chlorine  toxicity  in  crops  when  applied  with  chlorine-carrying  fertilizer 
materials. 


Influence  of  Ammonium  Sulfate  on  Lime  Requirement 
of  Soil 

According  to  White  and  Holben  (1925),  40-year  results  secured  from 
the  Jordan  plats  located  on  a  limestone  soil  at  the  Pennsylvania  Experi¬ 
ment  Station,  showed  that  the  increase  in  the  lime  requirement  of  plats 
receiving  ammonium  sulfate  above  that  of  the  lime  retirement  of  plats 
receiving  sodium  nitrate  was  equal  to  about  67  pounds  of  calcium  cat¬ 
enate  foi  each  100  pounds  of  ammonium  sulfate  applied.  Hartwell  and 
amon  (1927),  of  the  Rhode  Island  Experiment  station,  concluded  that 
the  theoretical  requirement  of  about  7  pounds  of  calcium  carbonate  to  1 
pound  of  nitrogen  supplied  as  ammonium  sulfate  should  be  the  basis  of 
Lming  to  maintain  land  fertilized  with  ammonium  sulfate  at  the  same 
reaction  as  if  receiving  sodium  nitrate. 

All, son  and  Cook  (1917)  found  that  for  every  too  pounds  of  am 
carbonate.  Theoretically,  this  ,s  what  m  ght  be^ Ipectedl Z “  T 
agronomists  now  recommend  that  a 
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mixed  with  the  ammonium  sulfate  to  make  a  physiologically  neutral  mix¬ 
ture  before  the  ammonium  sulfate  is  applied.  Such  a  practice  is  unnecessary 
if  the  pH  of  the  soil  is  being  maintained  at  an  optimum  value  by  liming  as 
often  as  necessary. 

Application  of  Ammonium  Sulfate 

Ammonium  sulfate  may  be  put  under  the  crop  or  applied  as  a  top  or 
side  dressing.  Like  all  ammoniacal  compounds,  ammonium  sulfate  is 
resistant  to  leaching  and  because  of  this  may  under  some  conditions  be 
more  suitable  than  nitrates  for  use  at  planting  time. 

Ammonium  sulfate  usually  is  applied  to  crops  in  about  the  same  man¬ 
ner  and  in  about  the  same  amounts,  on  an  equivalent  nitrogen  basis,  as 
sodium  nitrate.  Seventy-five  pounds  of  ammonium  sulfate  is  equivalent 
to  about  100  pounds  of  sodium  nitrate.  From  50  to  250  pounds  per  acre 
of  ammonium  sulfate  is  the  most  common  application.  Recently  very 
good  results  have  been  reported  from  plowing  under  ammonium  sulfate 
when  the  land  is  broken,  and  rice  growers  of  California  have  successfully 
applied  ammonium  sulfate  by  plane. 

Loss  of  Ammonia  Following  Application  of 

Ammonium  Sulfate 

Following  an  application,  the  ammonia  of  ammonium  sulfate  is  readily 
fixed  by  the  colloidal  complex  of  acid  soils.  It  appears,  however,  that 
alkaline  soils  of  low  base  holding  capacity  cannot  absorb  and  hold  am¬ 
monia,  for  Jewett  (1942)  found  that  considerable  quantities  of  ammonia 
were  lost  in  drainage  water  following  an  application  of  ammonium  sulfate 
to  the  alkaline  soils  of  the  Sudan. 


Influence  of  Ammonium  Sulfate  on  Growth 

of  Various  Crops 

Preferably,  unless  lime  is  applied,  ammonium  sulfate  should  not  be 
applied  to  most  humid  soils  as  the  only  source  of  nitrogen  continuously  for 
a  long  term  of  years,  nor  should  it  be  applied  in  large  quantities  to  non¬ 
acid-tolerant  crops.  On  the  other  hand,  ammonium  sulfate  can  be  applied 
successfully  to  soils  upon  which  ate  to  be  grown  cranberries,  blueberries 
watermelons,  and  rhododendrons,  or  other  plants  that  thrive  well  on  aci 
soils.  In  some  areas  potato  growers  favor  ammonium  sulfate  because  by 
maintaining  an  acid  condition  of  the  soil  it  aids  in  controlling  potato  scab. 
The  authof  has  observed  that  the  repeated  application  of  ammonium 
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sulfate  to  the  pasture  land  of  Park  Field  of  the  Rothamsted  Experiment 
Station,  England,  has  resulted  in  the  dominance  of  acid-tolerant  grasses. 

Is  Nitrification  of  Ammonium  Sulfate  Necessary? 

For  many  years  it  was  generally  thought  by  agronomists,  but  without 
conclusive  supporting  evidence,  that  all  field  crops  use  nitrates  exclusively 
as  their  source  of  nitrogen,  and  that  all  non-nitrate  nitrogenous  fertilizers 
must  be  converted  into  the  nitrate  form  before  they  could  be  assimilated  by 
plants.  Later,  however,  some  nitrogen  in  ammoniacal  form  was  shown  to 
be  necessary  for  optimum  growth  of  potatoes,  buckwheat,  and  other  crops, 
especially  during  the  seedling  stage  of  development. 

That  seedlings  absorb  ammonia  as  such,  and  often  in  quantities  greater 
than  they  absorb  nitrates,  has  been  shown  by  Shive  (1926),  of  the  New 
Jersey  Experiment  Station.  Shive  found  that  as  seedlings  become  older  the 
absorption  ratio  of  nitrogen  as  ammonia  to  nitrogen  as  nitrate  becomes 
smaller  until  finally  it  is  less  than  unity.  In  general,  it  might  be  said  that  if 
the  reaction  of  the  soil  solution  is  slightly  acid,  neutral,  or  alkaline  young 
plants  will  absorb  ammoniacal  nitrogen  rapidly  and  by  preference.  On  the 
other  hand,  if  the  soil  solution  is  strongly  acid  seedlings  seem  to  favor  the 
nitrate  form  of  nitrogen. 


Bizzell  (1937)  has  shown  from  data  secured  from  the  Cornell  lysimeters, 
that  the  nitrogen  comppsition  of  plants  receiving  their  nitrogen  from 

sodium  nitrate  was  about  the  same  as  those  plants  receiving  their  nitrogen 
from  ammonium  sulfate. 

It  has  been  established  fairly  conclusively  that  for  crops  such  as  those 
tolerant  to  acid  soil  conditions  the  ammoniacal  form  of  nirrno^n  ic 


on  submerged  soils  absorbs  nitrogen 
nutrient  should  be  applied  to  rice  as 
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an  ammonium  salt,  or  as  organic  nitrogen.  Kelly  has  shown  also  that  when 
nitrates  are  applied  to  rice  on  submerged  soils  they  are  partly  reduced  to 
nitrites',  and  that  if  nitrites  accumulate  in  the  soil  to  any  considerable 
extent  injury  to  the  rice  is  likely  to  result.  This  last  observation  has  been 
confirmed  by  Kapp  (1933). 

Nitrate  nitrogen  appears  to  be  superior  for  plants  that  require  short 
growing  periods,  such  as  the  sugar  beet,  and  especially  is  this  true  when 
the  fertilizer  is  to  be  applied  to  alkaline  soils.  In  fact,  as  has  been  pointed 
out  by  Pierre  and  Bower  (1943),  a  relatively  high  pH  of  the  soil  is  most 
favorable  for  the  absorption  of  ammonium  ions  by  plants. 

Allison  (1931)  concluded  that  higher  plants  may  utilize  more  am- 
moniacal  nitrogen  than  is  generally  supposed. 

Use  of  Ammonium  Sulfate  in  Growing  Turf  for  Lawn 

or  Golf  Courses 

In  early  years  the  Rhode  Island  Experiment  Station  and  other  experi¬ 
ment  stations  in  the  northeastern  and  middle  Atlantic  states  reported  that 
a  fine,  firm,  and  springy  turf  could  be  secured  and  kept  free  from  clover 
and  weeds  only  on  soils  that  are  fairly  acid.  According  to  their  observa¬ 
tions,  the  acid-tolerant  grasses,  such  as  bent,  fescue,  and  redtop,  produce 
excellent  greens,  especially  when  fertilized  with  ammonium  sulfate  or 
other  acid-forming  ammoniacal  fertilizers.  Later,  Sprague  and  Evaul 


Fir  20  Part  of  the  famous  Jordan  Soil  Fertility  Plats  at  Pennsylvania  State 
fege-oldest  extensive  soil  fertrlity  experiments  in  America,  ^ese  experiments 
e  started  in  1881.  There  are  144  plats.  (Courtesy,  Pennsylvania  State  Colleg  .) 
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(1930),  of  the  New  Jersey  Experiment  Station,  reported  that  they  were  able 
to  secure  a  vigorous  growth  of  bent  grass  on  limed  soils.  They  suggested 
that  the  attempt  to  control  weeds  by  making  the  soil  strongly  acid  is  un¬ 
wise,  for  certain  weeds  are  as  tolerant  of  acid  conditions  as  is  grass. 

In  those  sections  of  the  country  where  Kentucky  bluegrass  and  Dutch 
clover  grow  well,  and  are  desired,  it  is  generally  advised  that  the  pH  of  the 
soil  be  maintained  at  approximately  6.5  if  ammonium  sulfate  is  used. 
Otherwise,  the  use  of  a  nitrogenous  fertilizer  which  is  physiologically  basic 
would  appear  to  be  preferable. 

Relative  Value  of  Sodium  Nitrate  and  Ammonium  Sulfate 


Long-time  results  reported  by  Russell  (1919)  fiom  the  Rothamsted 
Experiment  Station  indicate  that  under  the  conditions  of  the  experiment, 
sodium  nitrate  produced  slightly  larger  yields  of  barley  and  wheat  than  did 
ammonium  sulfate.  These  results  are  given  in  Table  19.  The  barley  data 
were  secured  on  Hoos  field  and  represent  an  average  of  60  years,  1852  to 
1911.  The  wheat  data  were  secured  on  Broadbalk  field  and  represent  an 
average  of  20  years,  1878  to  1898.  Phosphoric  acid  and  potash  were  applied 
to  all  plats.  Russell  (1932)  thinks  that  although  ammonium  salts  appear  to 
be  inferior  to  nitrate  salts  in  many  experiments,  the  reverse  should  be  true 
where  the  masking  effect  of  acid  residues  is  overcome. 


Table  19 


Relative  Value  of  Sodium  Nitrate  and  Ammonium  Sulfate  for  Barley  and 
Wheat  on  the  Hoos  and  Broadbalk  Fields,  Respectively,  of  the 
Rothamsted  Experiment  Station,  England 


Hoos  Field 

Broadbalk  Field 

60-year  average  yield  of  barley  per  acre 

20-year  average  yield  of  wheat  per  acre 

Carrier  of  Nitrogen 

Bu. 

Carrier  of  Nitrogen 

Bu. 

No  nitrogen. . 

19.7 

No  nitroeen 

43  lbs.  as  sodium  nitrate 

42.7 

86  lbs.  as  sodium  nitrate 

14.4 

43  lbs.  as  ammonium  sulfate 

31.4 

41.5 

86  lbs.  as  ammonium  sulfate 

- - 

28.8 

statkATrh^  ^  C°nduCted  the  ™ious  state  experiment 
stations  in  this  country  to  determine  the  relative  crop-producing  value  of 

haveTeenTA  ^  sulfate-  A  larSe  "umber  of  the!  studies 

As  mivhA  "7  dUra“°n  and  ma">'  are  of  local  importance  only 
As  mrght  be  expected,  variable  results  have  been  secured  because  of  the 
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FlG.  21.  Nitrogen  retained  from  percolating  solutions  of  sodium  nitrate  and 
ammonium  sulfate.  The  percolating  solution  tested  drips  from  the  larger  pot  ac  clie 
top  upon  the  column  of  three  pots  each  containing  dry  soil  deficient  in  nitrogen 
and  planted  to  milo.  (Courtesy,  Dr.  John  P.  Conrad  and  the  California  Agncul- 
tural  Experiment  Station.) 


variations  in  soil,  climate,  and  cropping  systems  employed.  The  hydrogen- 
ion  concentration  of  the  soil  solution  appears  to  be  the  major  factor  which 
has  determined  the  results  of  many  of  these  experiments.  Harvey  (1925), 
after  a  careful  study  of  the  data  of  many  experiments,  reached  the  cone  u- 
sion  that  by  adjusting  the  hydrogen-ion  concentration  of  a  soil  in  respect 
to  the  preferences  of  a  given  crop  one  could  show  an  apparent  superiority 


63 


Relative  Value  of  Sodium  Nitrate  and  Ammonium  Sulfate 

of  ammonium  sulfate  over  sodium  nitrate  and  vice  versa.  He  believes  that 
through  failure  to  consider  all  the  factors  influencing  the  tests,  many 
experiments  have  led  to  erroneous  conclusions  regarding  the  relative 
merits  of  these  two  materials. 

Results  secured  by  Garner  and  Brown  (1919),  of  the  Maryland  Experi¬ 
ment  Station,  are  given  in  Table  20  as  an  example  of  many  short-time 
studies.  These  investigators  attempted  to  determine  the  relative  value  of 
ammonium  sulfate  and  other  nitrogenous  fertilizers  when  applied  to 
tobacco  at  rates  equivalent  to  about  24  pounds  of  nitrogen  per  acre.  Their 
experiments  covered  a  period  of  six  years.  In  the  New  Jersey  cylinder 
experiments  Lipman,  Blair  and  Prince  (1931)  have  reported  a  15  per  cent 
higher  average  recovery  of  nitrogen  by  crops  from  sodium  nitrate  than 
from  ammonium  sulfate. 


Table  20 


Relative  Value  of  Various  Carriers  of  Nitrogen  for  Tobacco 


Carrier  o  f  Nitrogen 

Average 
.  Yield 
in  lbs. 
per  Acre 

Average 
Gross 
Value 
per  Acre 

Average 
Value  of 
Crop  Less 
Cost  of 
Fertilizer 

Average 
Value  of 
Tobacco 
per  100 
lbs. 

No  nitrogen .  .  . 

868 

1195 

1228 

1102 

1104 

$102.71 

162.85 

168.43 

138.26 

157.23 

$  97.54 

143.95 
159.73 
127.83 

144.95 

$11.83 

13.63 

13.71 

12.55 

14.24 

Sodium  nitrate.  . 

Ammonium  sulfate 
Tankage. . . . 

Cottonseed  meal 

Among  the  most  often  cited  of  the  long-time  experiments  that  have 
Experhnent  Static  "T*  T  th°Se  °f  ““  j0rdan  P‘atS  °f  the 

and  ammoni^m'sulfate  duringVa  ZZZlZ  ^ 

daTf  byiN011’  Gatdr  and  Irvin  (1931)-  andyby  Noll  fromunpublished 
the  comparative '  values  SUmmmg  "P 
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"We  must  conclude  that  data  obtained  from  the  40-year  plots  as  to 
yields  from  sodium  nitrate  and  ammonium  sulphate  do  not  indicate  the 
relative  value  of  these  two  fertilizers  when  properly  used.  The  experiments, 
however,  are  accurate  and  give  very  valuable  information,  possibly  more 
valuable  because  of  the  fact  that  they  develop  so  clearly  the  improper  use  of 
ammonium  sulphate.  The  grower,  however,  should  use  these  results  to 
point  the  way  to  profitable  use  of  ammonium  sulphate  and  not  condemn 
the  product  which  like  a  fine  piece  of  machinery  does  not  give  the  best 
results  under  misuse.’’ 


Table  21 


A  Comparison  of  Total  Yields  in  Pounds  per  Acre  of  All  Crops  in  a  Rotation 
on  Complete  Commercial  Fertilizer  Plats  Receiving  Nitrogen 
as  Sodium  Nitrate  and  Ammonium  Sulfate 


• 

24  lbs.  of  Nitrogen 

48  lbs.  of  Nitrogen 

72  lbs.  of  Nitrogen 

Sodium 

Nitrate 

Ammo¬ 

nium 

Sulfate 

Sodium 

Nitrate 

Ammo¬ 

nium 

Sulfate 

Sodium 

Nitrate 

Ammo¬ 

nium 

Sulfate 

1882-1889 . 

18,084 

18,431 

18,512 

20,034 

18,577 

19,441 

1890-1897 . 

19,012 

18,198 

19,413 

19,035 

19,901 

18,130 

1898-1905 . 

16,679 

16,015 

17,661 

15,950 

17,964 

15,368 

1906-1913 . 

18,475 

16,432 

19,276 

14,892 

19,456 

12,716 

1914-1921 . 

17,856 

15,211 

18,297 

11,876 

18,868 

9,272 

Average  1882-1921 . 

18,021 

16,857 

18,632 

16,357 

18,953 

14,985 

Unlimed  1922-1937 . 

15,114 

9,338 

15,284 

5,792 

15,869 

5,063 

Limed  1922-1937 . 

17,532 

19,394 

18,465 

20,013 

18,715 

19,227 

In  the  final  analysis,  the  relative  crop  producing  values  of  sodium 
nitrate  and  ammonium  sulfate,  like  the  relative  crop  producing  values  of 
any  nitric  source  of  nitrogen  as  compared  with  any  ammomc  source  of 
nitrogen,  is  dependent  largely  upon  two  factors:  the  acidity  producing 
powers  of  the  products  compared,  and  their  relative  susceptibility  to  loss 
by  leaching  before  they  can  be  utilized  by  the  crop  fertilized. 
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Manufacture  and  Use  of  Ammonium 

Nitrate 


Within  the  last  three  years  ammonium  nitrate  has  come  on  the  market 
in  quantities  that  would  suggest  that  sodium  nitrate  and  ammonium  sul¬ 
fate  will  meet  increasingly  serious  competition  from  this  new  source  of 
nitrogen  in  the  years  immediately  ahead. 

Source  of  Ammonium  Nitrate 


Ammonium  nitrate  is  manufactured  by  passing  ammonia  gas  into 
nitric  acid,  and  it  is  now  available  from  private  and  government  plants  of 
the  United  States  and  Canada.  It  is  manufactured  for  use  in  the  production 
of  explosives  and  for  fertilizer  purposes.  Very  little  of  the  domestic  output 
of  ammonium  nitrate  was  utilized  in  commercial  fertilizers  before  1935 
It  was  during  that  year  that  one  of  the  American  nitrogen  producers  put 
on  the  market  a  solution  of  ammonium  nitrate  and  ammonia  for  use  in 
ammomating  superphosphate.  While  many  of  the  ordnance  ammonia 
p  ants  that  produced  anhydrous  ammonia  during  the  World  War  II  period 
have  now  been  closed,  others  have  been  converted  to  the  production  of 
ammonium  nitrate.  Among  the  latter  are  the  Jayhawk  Ordnance,  Baxter 
prmgs,  ansas;  the  Ozark  Ordnance,  El  Dorado,  Arkansas,  and  the 
Buckeye  Ordnance,  South  Point,  Ohio.  Large  stocks  of  ammonium  nitrate 
were  disposed  offer  fertilizer  both  in  this  country  and  in  Europe  following 

Vail  d  A  7  a"d  f  At  the  beSinnin8  of  World  War  II,  the  Tennessee 
Valley  Author, ty  of  Wilson  Dam,  Alabama,  constructed  I  new  synthetic 

Worid  Wal  l"!’  Th  °ne  °f  the  0ld  «*“«  P‘“ts  remaining  from 

m  In  lOdi  m  hTr  Pr°dUCti0n  °f  > “-"I  nitrate  in  August 
9  2.  In  1943  much  of  this  output  was  made  available  to  agriculture  This 

plant  has  a  capacity  of  about  150  tons  of  ammonium  nitlatf  dav  Can  d 
has  three  ammonium  nitrate  plants  with  o  ^  f  d  C  nada 

nitrogen  a  year.  P  H  caPac,ty  of  120,000  tons  of 
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Chemical  Composition  of  Ammonium  Nitrate 

Pure  ammonium  nitrate  contains  about  35  per  cent  of  nitrogen  but  the 
commercial  product  as  sold  contains  32.5  and  33.5  per  cent  of  nitrogen. 
One-half  of  the  nitrogen  in  ammonium  nitrate  is  in  the  ammoniacal  form 
and  one-half  in  the  nitrate  form.  Because  it  is  entirely  soluble  in  water 
when  used  as  a  fertilizer,  ammonium  nitrate  leaves  no  residue  in  the  soil. 
Because  of  its  composition  and  solubility  it  is  perhaps  the  quickest  acting 
nitrogenous  fertilizer  known. 

Physical  Characteristics  of  Ammonium  Nitrate 

Ammonium  nitrate  crystals  or  particles  are  white  in  color.  As  produced 
for  the  fertilizer  trade  the  particles  may  be  single  crystals  or  they  may  be 
aggregates  of  crystals  produced  either  by  graining  or  spraying.  The  grained 
ammonium  nitrate  is  about  twice  as  porous  as  the  monocrystalline  material 
and  the  sprayed  material  about  five  times  as  porous.  Ammonium  nitrate  is 
hygroscopic  under  humid  conditions  and  cakes  so  badly  that  the  untreated 
salt  cannot  be  applied  with  the  ordinary  fertilizer  drill.  Moisture  is  the 
principal  factor  causing  the  material  to  cake.  It  is  very  soluble  being  in 


Fig  22  Pasture  demonstration  near  Madison.  Wisconsin.  (Left)  >75  P°un^  P" 
acre  of  ammonium  nutate.  (R igh')  Unfertilized.  (Courtesy,  Prof.  C.  j.  Chapman 
and  the  Wisconsin  Agricultural  Experiment  Station.; 
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fact,  more  than  twice  as  soluble  as  sodium  nitrate.  Its  solubility  as  reported 
by  Ross  et  al.  (1943)  is  given  in  the  following  table. 

Table  22 

Solubility  of  Nitrogen  Fertilizer  Materials  in  Water 


Grams  Dissolved  by  100  g.  of  Water 


i  emp. 

( degrees  F.) 

Ammonium 

Nitrate 

Sodium 

Nitrate 

Ammonium 

Sulfate 

Urea 

0 . 

118.3 

730 

70.1 

66.7 

68 . 

187.4 

87.6 

75.4 

103.3 

104 . 

280.2 

102.0 

81.2 

166.7 

140 . 

418.1 

121.7 

87.3 

250.9 

176 . 

635.3 

148.1 

94.2 

400.0 

Ross  et  al.  (1946)  have  emphasized  the  fact  that  ammonium  nitrate 
differs  from  other  fertilizer  materials  in  that  it  is  capable  of  undergoing 
several  crystalline  modifications  and  that  these  changes  are  accompanied 
by  measurable  volume  and  thermal  changes.  Ammonium  nitrate  is  cubic 
above  125.2°  C.;  tetragonal  between  125.2°  and  84.2°;  orthorhombic 
between  84.2°  and  32.3°;  orthorhombic  pseudotetragonal  between  32.3° 
and  — 18°;  and  tetragonal  below  — 18°. 

When  exposed  to  the  atmosphere  ammonium  nitrate  by  itself  is  re¬ 
garded  as  a  hazardous  material  in  that  it  will  support  combustion  and 
ignites  and  detonates,  although  not  easily,  under  certain  conditions  that 
are  not  fully  or  adequately  understood. 


Production  of  Commercial  Ammonium  Nitrate 

The  chief  objection  to  pure  ammonium  nitrate  crystals  or  granules  is 
t  eir  tendency,  depending  upon  humidity  and  temperature,  to  absorb 
water  from  the  atmosphere  and  to  harden  or  cake.  Until  recent  years 
ammonium  nitrate  crystals,  because  of  their  hygroscopic  character,  were 
considered  hopeless  as  a  fertilizer.  Unfortunately,  the  first  ammonium 
trate  to  come  on  the  market  was  not  intended  for  fertilizer  use  and  was  in 
poor  physical  condition  and  difficult  to  use  in  mixed  fertilizers  or  for 
trect  application.  Now,  however,  the  picture  has  entirely  changed  In 
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Fig.  23.  An  arrangement  for  measuring 
solutions  into  rotary-type  fertilizer  mixers. 
Chemical  and  Dye  Corporation.) 


and  introducing  Barrett’s  ammoniating 
(Courtesy,  The  Barrett  Division,  Allied 


products  on  the  market  today  are  workable  and  acceptable  to  producers 
mixed  fertilizers  and  to  farmers.  When  grained  and  mtxed  with ,3  to >5  per 
cent  of  a  suitable  condit.omng  agent,  such  as  trtcalcrum  phosphate 
Kieselguhr,  plaster  of  Paris,  or  kaolin  and  other  forms  of  clay  the  tendency 
o  ammonmm  nitrate  to  take  up  moisture  is  greatly  reduced.  Ammon, um 
nitracethat  is  to  be  used  in  very  humid  regions  is  further  treated  ,  A 
ro  1  oer  cent  of  a  water  repellent,  such  as  mixtures  of  paraffin  with  pe 
latum  or  asphaltum  and  of  petrolatum  and  paraffin  with  asphaltum  o 
rosin  When  thus  conditioned  and  packed  in  waterproof  bags,  burl,  p, 
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multiwall-paper  bags  lined  with  asphalt,  ammonium  nitrate  will  remain  in 
good  condition  for  many  months.  In  addition,  it  has  been  found  that  the 
production  of  large  crystals  or  granules  has  aided  somewhat  in  the  produc¬ 
tion  of  a  better  physical  condition.  The  TVA  product  now  on  the  market 
contains  about  35  per  cent  of  plus  20-mesh,  50  per  cent  of  20-40-mesh,  and 
15  per  cent  of  minus  40-mesh  granules.  The  Canadian  material  on  the 
American  market  has  large  granules;  about  80  per  cent  will  not  pass 
through  a  20-mesh  sieve  and  less  than  5  per  cent  is  smaller  than  40-mesh. 
These  improvements  which  lower  the  absorption  of  water  are  such  that 
ammonium  nitrate  can  now  be  put  on  the  fertilizer  market  in  about  as 
good  a  physical  condition  as  that  of  sodium  nitrate  and  ammonium  sulfate. 


Ammonium  Nitrate  Mixtures 

Ammonium  nitrate  dissolved  in  aqueous  ammonia  is  now  used  in 
many  mixing  plants  that  ammoniate  their  superphosphate.  Its  use  in  this 
way  results  in  an  excellent  mechanical  condition  of  the  mixture.  Also,  in 
this  form  nitrate  nitrogen  is  made  available  for  use  in  commercial  mixed 
fertilizers  at  a  cost  competing  with  that  of  ammonium  salts.  The  use  of 
nitrogen  solutions  is  discussed  in  another  chapter. 

Solid  ammonium  nitrate  may  be  satisfactorily  mixed  with  many  other 
fertilizer  materials  if  reasonable  consideration  is  given  to  (l)  physical 
constants  and  chemical  reactions,  (2)  a  proper  neutralization  of  the  super¬ 
phosphates,  and  (3)  the  use  of  a  minimum  amount  of  incompatible 
compounds. 

In  Germany,  following  World  War  I,  ammonium  nitrate  was  mixed 
with  gypsum  to  the  extent  of  60  per  cent,  and  excellent  results  were 
reported  from  the  use  of  this  mixture  both  in  Europe  and  in  this  country. 
In  Europe  ammonium  nitrate  was  also  commonly  sold  in  mixtures  with 
potash  salts  or  ammonium  sulfate.  It  is  now  used  in  the  manufacture  of 
ammonium  sulfate  nitrate,  potassium  ammonium  nitrate,  ammonium 
nitrate-calcium  carbonate  and  similar  materials. 

When  ammonium  nitrate  is  mixed  with  ammonium  sulfate,  pulverized 
unestone  superphosphate,  and  most  other  materials  used  in  the  manu 
ctute  of  complete  fertilizers,  it  loses  somewhat  its  dangerous  quality  of 
detonation  although  a  small  amount  of  ammonia  may  be  ltst  Fo^examlle 
ammonium  nitrate  mixed  with  ammonium  sulfate  ,n  equimolecular pro 
portions,  and  ammonium  nitrate  mixed  with  ho  m  inn  i  i  f 
limestone  in  the  proportion  of  u  \  f  PUlvenZed 
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With  the  exception  of  calcium  cyanamide,  ammonium  nitrate  is  the 
most  soluble  compound  in  fertilizer  mixtures.  This  allows  thorough  blend¬ 
ing  with  other  materials. 

Hardesty  and  Parker  (1943)  have  studied  the  influence  of  ammonium 
nitrate  when  used  as  a  component  of  mixed  fertilizer.  They  conclude  that 
mixed  fertilizer  formulas  calling  for  the  use  of  ammonium  nitrate  should 
include  25  to  50  pounds  of  some  active  basic  material  per  1000  pounds  of 
superphosphate  to  insure  neutralization  of  the  superphosphate.  For  this 
purpose  they  suggest  hydrated  lime,  powdered  calcium  cyanamide,  am¬ 
monia  and  cement  flue  dust.  They  also  suggest  that  fertilizers  containing 
ammonium  nitrate  be  formulated  with  as  low  a  moisture  content  as 
possible  and  that  wet  dolomite,  wet  fillers  and  conditioning  agents  be 
avoided.  This  would  also  apply  to  all  incompatible  compounds.  The  most 
incompatible  compounds  are  sodium  nitrate,  potassium  nitrate,  sodium 
chloride,  small  amounts  of  magnesium  chloride  that  are  often  found  in 


some  low-grade  potash  salts,  and  especially  urea.  Dry  urea  and  ammonium 
nitrate  should  never  be  used  in  the  same  mixture.  Sodium  and  potassium 
nitrates  reduce  the  amount  of  ammonium  nitrate  that  can  be  used  without 
hygroscopic  effects,  sodium  chloride  with  ammonium  nitrate  forms 
sodium  nitrate  as  a  reaction  product,  and  magnesium  chloride  forms  by 
reaction  magnesium  nitrate,  a  very  hygroscopic  compound. 

Smith  (1944)  states  that  ammonium  nitrate  that  has  become  lumpy 
should  be  broken  up,  preferably  with  wooden  mauls  or  stompers  on  a  non- 
inflammable  floor.  Also,  that  sulfur  and  organic  dusts  should  be  kept  away 
from  ammonium  nitrate  prior  to  batching  or  mixing. 

In  England,  Germany,  Norway,  and  the  United  States,  manufacturers 
have  combined  ammonium  nitrate  variously  with  precipitated  calcium 
carbonate,  pulverized  chalk,  high  calcium  limestone,  and  dolomite. 
These  mixtures,  usually  containing  16  to  20.5  per  cent  of  nitrogen  and 
16  to  50  per  cent  of  lime  materials,  have  been  put  on  the  market  under  the 
trade  name  of  Nitro-Chalk,  Cal-Nitro,  A-N-L  and  others  as  trademarked 
by  the  respective  manufacturers  and  sellers.  They  are  referred  to  as  am- 
monium  limestone  materials.  Just  prior  to  World  War  II.  70,000  tons  of 
these  materials  were  imported  annually  from  Norway.  The  A-N-L  and 
Cal-Nitro  are  American  products  and  have  been  sold  rather  extensively  in 
this  country  in  recent  years.  They  contain  10.25  per  cent  nitrate  nitrogen 
10  25  per  cent  ammonia  nitrogen,  9-0  per  cent  CaO  and  7.0  per  cent 


MgO. 

The  color  of  the  ammonium  nitrate 


limestone  materials  is  not  impor- 
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tant  since  it  results  from  the  color  of  the  lime  material,  or  from  the  siliceous 
dust  or  other  powder  used  as  a  protective  coating  on  the  particles,  or  from 
pigments  added  as  a  mark  of  identification. 


Fertilizing  Value  of  Ammonium  Nitrate 

Ammonium  nitrate  has  been  used  to  a  considerable  extent  in  fertilizers 
for  the  past  15  years,  and  has  proved  to  be  excellent  because  of  its  solubil¬ 
ity  and  composition.  It  is  readily  available  to  plants  as  soon  as  it  dissolves 
in  the  soil  solution.  In  addition,  because  it  contains  nitrogen  in  both  the 
nitrate  and  ammoniacal  forms,  it  is  ideally  suited  for  grass  crops  and  other 
crops  that  prefer  nitrogen  in  both  forms.  It  is  more  resistant  to  leaching 
than  sodium  nitrate  but  less  so  than  ammonium  sulfate.  Its  properties  are 
somewhat  similar  to  those  of  a  50-50  mixture  of  sodium  nitrate  and  am¬ 
monium  sulfate. 

Table  23 


Yield  of  Seed  Cotton  with  Different  Sources  of  Nitrogen  in  Complete 
Fertilizers*  in  Field  Tests  on  Prominent  Soil  Types 

(, pounds  per  acre ) 


Location  and  Soil 


North  Carolina 

Marlboro  sandy  loam . 

Marlboro  fine  sandy  loam. 
Greenville  sandy  loam.  .  .  . 
Portsmouth  sandy  loam. . . 
Dunbar  fine  sandy  loam 

Coxville  sandy  loam . 

Cecil  fine  sandy  loam . 

Appling  sandy  loam . 

Davidson  clay . 

South  Carolina 
Norfolk  fine  sandy  loam. 

Norfolk  sandy  loam . 

Marlboro  sandy  loam . 


Average  of  all  tests. 


in  p,o‘  r'°"-  -p~phoSPh,«,  k, 


Duration 

Ammo¬ 

nium 

Nitrate 

Ammo¬ 

nium 

Sulfate 

Ammo¬ 

nium 

Chloride 

Urea 

Sodium 

Nitrate 

1926-27 

1428 

1573 

1428 

1457 

1620 

1925 

1403 

1288 

1472 

1311 

1495 

1926-27 

2015 

2040 

1415 

1905 

1695 

1921-22 

1172 

1290 

1017 

1025 

1270 

1920 

930 

1052 

1152 

820 

834 

1920 

700 

692 

786 

640 

642 

1924-25 

957 

993 

905 

950 

1051 

1934 

1163 

1075 

1088 

1263 

1313 

1926-27 

1357 

1418 

1360 

1430 

1450 

1921-25 

1054 

1008 

924 

1047 

1091 

1924 

1140 

1120 

1080 

1020 

1100 

1921-23 

1447 

1337 

1327 

1340 

1330 

1231 

1240 

1163 

1184 

1241 

O  from  potassium  sulfate,  no  lime  in 


nitrate 


followmg  the  continu°“  -  ^ 

the  soil  becomes  impoverished  of  its  bases  as  a  result 
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leaching  and  the  removal  of  larger  crop  yields  following  the  application  of 
the  fertilizer. 

Ammonium  nitrate  may  be  applied  before  the  crop  is  planted  or  as 
side-  and  top-  applications  when  the  crop  is  young,  provided  the  crop 
foliage  is  not  wet.  In  the  Mississippi  Delta  and  on  the  grasslands  of  the 
Northwest,  fall  applications  of  ammonium  nitrate  have  been  found  sub¬ 
stantially  equal  to  spring  applications.  Fitts  (1945),  of  the  Nebraska 
Experiment  Station,  secured  better  distribution  of  the  ammonium  nitrate 
by  applying  it  in  irrigation  water,  and  almost  as  good  crop  response  as 
that  obtained  from  side-dressing. 

Skinner  (1944)  has  reported  the  results  of  23  cotton  tests  conducted  in 
North  and  South  Carolina  with  different  sources  of  nitrogen  which  in¬ 
cluded  ammonium  nitrate.  His  results  are  given  in  the  table  on  p.  71. 
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Manufacture  and  Use  of  Synthetic 
Nitrogenous  Fertilizers 


Synthetic  nitrogen  was  first  produced  commercially  in  the  United 
States  in  1922.  Production  rapidly  increased  so  that  since  1930  more 
nitrogen  has  been  fixed  annually  from  the  atmosphere  than  has  been  made 
available  for  fertilizer  use  from  any  other  source.  According  to  O’Brien 
(1937),  just  before  the  outbreak  of  World  War  II,  about  63  per  cent  of  the 
world’s  supply  of  nitrogen  came  from  the  air.  The  capacity  of  the  United 
States  to  produce  synthetic  nitrogen  in  the  last  20  years  is  shown  in 
Table  24. 


Table  24 

Capacity  of  the  United  States 
to  Produce  Synthetic  Nitro¬ 
gen  in  Recent  Years 


Year 

Tons  of  Nitrogen 

1925 

15,300 

1930 

195,500 

1935 

341,350 

1940 

380,300 

1944 

1,186,100* 

*  431,100  tons  in  private  plants; 
735,000  tons  in  government  plants. 


Durmg  Vorld  War  II  the  government  erected  many  new  mtrogen 

Also  0(1  P  tS,  and  ten.°f  these  were  in  operation  at  the  end  of  the  war 
so  durmg  this  period  three  new  plants  were  erected  in  Canada. 

ere  are  three  mtrogen  fixing  processes  with  which  the  fertilizer 

d  ect  Tv':tPhrlma  ^  ““  TheSC  *“  the  cyanamide,  and  die 
ynthetic  ammoma  processes.  The  primary  products  of  these 


74 


Manufacture  and  Use  of  Synthetic  Nitrogenous  Fertilizers 


processes  are  dilute  nitric  acid,  crude  calcium  cyanamide,  and  anhydrous  or 
aqueous  ammonia,  respectively.  The  nitric  acid  and  aqueous  ammonia 
must  be  combined  with  other  chemicals  before  they  can  be  used  for 
fertilizing  crops. 


Arc  Process 


The  arc  process  is  the  simplest  process  of  nitrogen  fixation  and  was  the 
first  to  be  developed  commercially.  Under  the  direction  of  C.  S.  Bradley 
and  R.  Lovejoy,  the  Atmospheric  Products  Company,  in  the  period  1902 
to  1904,  made  an  unsuccessful  attempt  to  establish  the  arc  process  on  a 
commercial  scale  at  Niagara  Falls,  N.  Y.  In  1903,  however,  a  successful 
experimental  plant  was  set  up  by  two  Norwegians,  Prof.  Christian  Birke- 
land  and  Engineer  Samuel  Eyde,  at  Ankerlokken,  Norway.  In  this  country 
a  plant  was  built  in  1913  at  Nitrolee,  S.  C.,  but  was  soon  abandoned.  Little 
progress  has  been  made  since  World  War  I  in  increasing  the  world’s 
nitrogen  fixation  capacity  by  this  process. 

The  basic  reaction  of  the  arc  process  involves  the  union  of  nitrogen  and 
oxygen  gases  by  means  of  an  electric  arc.  The  process  is  similar  to  that 
reaction  which  is  known  to  take  place  between  nitrogen  and  oxygen  in  the 
atmosphere  and  which  has  been  estimated  to  be  responsible  for  about  8 
pounds  of  fixed  nitrogen  per  acre  that  is  brought  down  annually  by  rain. 
Burns  et  al.  (1922)  estimated  that  100,000,000  tons  of  nitrogen  are 
fixed  annually  in  the  world’s  atmosphere  through  the  lightning  discharge 
of  electrical  storms.  In  the  arc  process  the  reaction  is  secured  by  blowing 
air  through  a  flaming  electric  arc,  which  has  a  temperature  of  about 
3500°  C.  Only  about  2  per  cent  of  the  air  thus  heated  is  caused  to  combine. 
The  nitric  oxide  produced  is  then  converted  into  nitric  acid  by  the  action 
of  water  and  atmospheric  oxygen.  The  reactions  involved  are  about  as 

follows: 

N2  +  o2  =  2NO 
2NO  +  02  =  2N02 
3NO2  +  H20  =  2HNO3  +  NO 


The  principal  objections  to  the  ate  process  ate  the  extremely  large 
power  requirement  and  the  high  capital  cost  involved.  This  process  re- 

quires  about  five  times  as  much  electricity  to  fix  a  ton  of  ^ 

required  by  the  cyanamide  process.  In  view  of  the  developmem .of o  he 
processes  for  nitrogen  fixation,  these  two  ob,ections  to  the  arc  process 
ehmhiate  it  as  a  possible  large  producer  of  fixed  nitrogen  in  thrs  country. 


Cyanamide  Process 
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Fig.  24.  Government  owned  fertilizer  plant  at  Muscle  Shoals,  Alabama. 
Wilson  Dam  and  Lake  Wilson  in  the  background.  (Courtesy,  Tennessee  Valley 
Authority.)  • 


Because  ot  the  cheapness  there  of  water  power,  this  process  has  been  used 
to  the  greatest  extent  in  the  Scandinavian  countries.  Present  indications 
point  to  the  fact  that  little  can  be  hoped  for  in  the  nature  of  improvements 
to  the  arc  process. 

Cyanamide  Process 


The  cyanamide  process  was  developed  in  Germany  during  the  period 
extending  from  1897  to  1905.  The  method  is  said  to  have  been  worked  out 
by  two  German  chemists,  Prof.  Dr.  Adolph  Frank  and  Dr.  Nicodem  Caro 
although  the  discovery  of  the  cyanamide  process  is  often  credited  to  the 
chemists  Rothe  and  Freudenberg  who  were  employed  by  Frank  and  Caro 
Calcium  cyanamide  was  first  made  on  a  laboratory  scale  in  1898  The 
process  of  converting  cyanamide  nitrogen  into  ammonia  was  patented  by 

fof  caidr cyanamide  «  *  ^  -IS 

ttempted  in  1901.  The  first  factory  for  the  production  of  calcium  cyanam 

for  r  ei i  11  WestereSeln>  near  Magdeburg,  Germany,  in  1905  but 

for  several  reasons  proved  to  be  an  economic  failure  A  second  nhn, 

Ss  “  Ita‘y' m  1906  “d  an°th«  «  BrambeS  PruSS  a  “ 

1908,  and  still  another  at  Trostberg,  Bavaria  in  1900  whl  i  r 
years  factories  were  established  thLgho 7Z  woTld  "  **  ^ 

The  cyanamide  process  has  a  distinct  advantage  over  the  arc  • 

that  ,t  requires  less  than  one-fourth  of  the  electric  energy  necessary  to  fix 
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a  unit  of  nitrogen.  The  raw  materials  required — cpal  and  limestone — are 
relatively  cheap  and  abundant.  Furthermore,  this  process  yields  a  product 
which  is  a  solid  material  and  which  can  be  sold  for  fertilizer  purposes 
without  further  treatment.  The  cyanamide  industry  developed  rapidly  dur- 


Fig.  25.  Where  nitric  acid  and  calcium  ni¬ 
trate  are  made.  Norsk  Hydro  factory,  Rjukan, 
Norway.  (Courtesy,  Synthetic  Nitrogen  Prod¬ 
ucts  Corporation.) 


ing  the  World  War  1  period.  Tins  was  due  to  the  fact  that  cyanam.de 
nittogen  can  be  converted  into  ammonia  gas  and  then  into  nitric  acid 
The  nitric  acid  was  produced  for  use  in  the  manufacture  of  explosives. 
Although  calcium  cyanamide  can  be  produced  by  heating  a  mixture  o 
limestone  with  coaim  an  atmosphere  of  nitrogen,  it 
economical  to  catty  out  the  process  in  four  separate  steps.  These  steps  are. 


Direct  Synthetic  Ammonia  Process 
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1.  The  burning  of  the  limestone  in  a  vertical  or  rotary  kiln  at  about 
1100°  C.  The  limestone  is  decomposed  as  follows: 

CaC03  *T  heat  =  CaO  -f-  CO2 

2.  The  production  of  calcium  carbide  by  heating  coke  or  coal  and  lime 
in  an  electric  furnace.  This  reaction  can  be  expressed  by  the  equation: 

CaO  +  3C  =  CaC2  +  CO 


3.  The  production  of  pure  nitrogen  gas  from  the  air  by  liquification 
and  distillation. 

4.  The  treatment  of  the  finely  powdered  carbide  with  pure  nitrogen 
at  1000°  C.  to  form  calcium  cyanamide.  This  reaction  can  be  represented  by 
the  equation: 

CaC2  +  N2  =  CaCN2  +  C 


In  1909  the  first  cyanamide  plant  in  North  America  was  built  at  Ni¬ 
agara  Falls,  Ontario,  Canada.  Only  one  plant  has  been  built  in  this  country 
—Nitrate  Plant  No.  2  at  Muscle  Shoals,  Alabama.  This  plant  was  built  by 
the  United  States  Government,  under  the  National  Defense  Act,  June 
3,  1916,  as  a  wartime  measure  and  with  a  rated  capacity  of  100,000  tons  per 
year,  though  only  2,000  tons  of  calcium  cyanamide  had  been  produced 
before  it  was  closed  after  the  armistice.  For  many  years  the  plant  was  main¬ 
tained  in  a  stand-by  condition.  No  new  plants  employing  this  method  of 
fixation  were  built  during  the  period  of  World  War  II.  At  present  no 
calcium  cyanamide  is  being  produced  in  this  country,  but  considerable 

quantities  are  manufactured  at  Niagara  Falls,  Canada,  and  much  of  this  is 
imported  into  the  United  States. 


Direct  Synthetic  Ammonia  Process 

sincethe^ama^rh  teCt  amm°"ia  pr°CeSS  has  developed 

h  ce  the  arc  and  the  cyanamide  processes,  so  far  it  has  proved  to  be  the 

est  method  of  nitrogen  fixation  and  has  largely  replaced  rhe  i 

cyanamide  processes.  As  already  pointed  our  1  T  ^ 

fixed  by  the  direct  synthetic  ammonia  process  titan  by  abort  "‘"T  * 
processes  combined.  F  by  11  other  synthetic 

The  first  commercial  plant  to  use  rhe  di,w.  , 

was  bu.lt  in  Oppau,  Germany,  i„  1910.  DuringWor'dwrrG^0^ 

greatly  enlarged  this  plant  and  built  another  at  MerseburT  T  ,  ^ 

between  World  War  1  and  World  War  II  the  HaberSh  p.amCna 


78 


Manufacture  and  Use  of  Synthetic  Nitrogenous  Fertilizers 


Works)  at  Merseburg,  Germany,  was  the  largest  synthetic  nitrogen  plant  in 
the  world,  although  a  large  part  of  its  original  capacity  had  been  diverted 
to  the  production  of  synthetic  gasoline.  The  first  plant  to  employ  this 
process  in  this  country  was  United  States  Plant  No.  1,  built  at  Sheffield, 
Alabama  by  the  United  States  Government  just  prior  to  the  close  of  World 
War  I.  The  first  successful  plant  in  this  country  was  built  at  Syracuse, 
N.  Y.,  in  1921,  by  the  Atmospheric  Nitrogen  Corporation.  In  1929  this 
company  built  another  plant  at  Hopewell,  Virginia.  It  was  from  this  plant 
that  the  first  shipment  of  synthetic  sodium  nitrate  was  made  in  1929- 
For  years  the  Hopewell  plant  was  the  second  largest  nitrogen  fixation 
plant  in  the  world,  and  the  largest  plant  anywhere  manufacturing  sodium 
nitrate.  It  is  the  only  sodium  nitrate  plant  in  the  United  States. 


Haber-Bosch  Modification  of  Direct  Synthetic  Ammonia 
Process 


The  Haber  synthetic  ammonia  process  of  fixing  atmospheric  nitrogen 
was  developed  in  Germany  by  Professor  Fritz  Haber  during  the  years  1905 
to  1908.  Prof.  Haber  worked  out  a  method  whereby  nitrogen  and  hydrogen 
gases  would  unite  to  form  ammonia  when  brought  together  under  a 
certain  pressure,  at  a  certain  temperature,  and  in  the  presence  of  a  catalyst. 
This  process  was  an  improvement  on  older  methods  of  fixing  atmospheric 
nitrogen  in  that  the  power  consumption  was  much  reduced.  In  fact,  the 
reaction  involved  in  the  union  of  nitrogen  and  hydrogen  is  exothermic 
after  the  equipment  is  heated  to  proper  temperature.  The  technical  difn- 
culties  of  the  Haber  process— that  of  handling  an  inflammable  gas  at  high 
temperatures  and  pressures— were  overcome  by  Dr.  Carl  Bosch,  of  the 
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Badische  Anilin  und  Soda  Fabrik.  Ic  is  upon  the  Haber-Bosch  modifica¬ 
tion  of  the  direct  synthetic  ammonia  process  that  the  present  nitrogen 
industry  of  most  countries  is  based. 

A  part  of  the  nitrogen  used  in  the  Haber-Bosch  method  is  obtained 
by  the  Linde  process  which  consists  of  liquefying  air  and  then  allowing 
it  to  warm  slowly,  thus  distilling  off  the  nitrogen.  However,  most  of  the 
nitrogen  now  being  used  is  secured  by  burning  coal  in  a  forced  draft  of  air. 
The  oxygen  of  the  air  combines  with  the  carbon  of  the  coal  to  form  carbon 
dioxide  and  carbon  monoxide  while  the  nitrogen  remains  unchanged.  The 
resulting  gas  is  commonly  called  "producer-gas.” 

The  gaseous  hydrogen,  which  is  the  chief  item  of  expense  in  ammonia 
production,  is  secured  by  what  is  known  as  the  alternate  steam  air  "blow.” 
Coke  is  ignited  to  a  red  heat  in  large  cupolas.  This  is  done  with  the  aid  of 
an  air-blast.  Super-heated  steam  is  then  passed  through  the  coke.  Under 
such  conditions  the  carbon  of  the  coke  combines  with  the  oxygen  of  the 
water  to  form  carbon  monoxide.  The  hydrogen  of  the  water  is  thus  freed 
as  a  gas.  The  mixture  of  carbon  monoxide,  hydrogen  and  impurities  is 
commonly  called  water-gas.”  The  water-gas,  together  with  the  remaining 
steam,  is  then  conducted  over  a  metal  catalyst.  During  this  operation  the 
carbon  monoxide  extracts  oxygen  from  the  steam  and  unites  with  it  and 
another  molecule  of  water,  thus  forming  carbonic  acid  and  at  the  same 
time  increasing  the  content  of  hydrogen.  The  reactions  that  take  place  may 
be  represented  as  follows: 


h2o  +  C  =  CO  +  H2 
CO  +  2H20  =  H2C03  +  H2 

The  producer-gas  and  the  water-gas  are  then  mixed  together  with  a 
small  amount  of  steam,  and  the  mixture  is  conducted  over  metal  catalysts 
“ :“oP“  0fuab,OU‘ 1 50  to  200  atmospheres  and  a  temperatute  of  500“  to 

the  u  7  y  ^  and  the  ni"°«en  unite  t0  fo™  ammonia,  but 
yield  of  ammonia  rs  only  about  8  per  cent  of  that  which  might  be 
expected  if  all  the  hydrogen  and  nitrogen  united. 

The  mixture  of  gases  is  so  regulated  that  the  proportion  of  nittorren 

-b”“ 1  ”  :■ » "» f.  *<  ilsr, 

mmoma.  After  the  ammonia  is  formed  it  is  absorbed  in  water  and  an, 

ovens.  The  cafdyst  thrOUSh  the 

pounds  of  boron  minm  ;  '  '  um  sponge,  although  com- 

tungsten,  ^  ^ 
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Although  it  takes  only  a  little  over  half  as  much  power  to  fix  a  ton  of 
nitrogen  by  the  Haber-Bosch  process  as  that  required  by  the  cyanamide 
process,  the  investment  in  plant  requirements  costs  twice  as  much. 

Many  modifications  of  the  Haber-Bosch  process  have  been  developed 
in  recent  years  and  are  now  employed  in  many  countries  but  practically  all 
of  the  new  plants  built  during  the  period  of  World  War  II  employ  the 
direct  synthetic  process.  World  War  II  brought  about  a  tremendous  expan¬ 
sion  in  the  synthetic  ammonia  production  capacity  of  the  United  States. 
Brand  (1944)  estimated  it  to  be  1,200,000  tons  of  nitrogen  per  year,  or 
about  three  times  our  normal  consumption. 

Oxidation  of  Ammonia  to  Nitric  Acid 

Synthetic  ammonia  is  readily  converted  into  nitric  acid  by  the  Oswald 
process  which  consists  of  passing  ammonia  over  a  catalyst  in  the  presence 
of  oxygen.  The  reactions  involved  are  probably  as  follows: 

4NH3  +  502  =  6H0O  +  4NO 
2NO  +  02  =  2NOo 
3N02  +  H20  =  2HNO3  +  NO 


Table  25  shows  the  world  capacity  for  production  of  chemical 
nitrogen,  by  processes  and  countries,  for  a  representative  pre-World 
War  II  year  as  reported  by  O’Brien  (1937).  Figures  for  1945  are  not 

available. 


Atmospheric  Nitrogen  and  its  Relationship  to  Soil 

Fertility 

For  many  years  students  of  agriculture  and  other  scientists  as  well, 
were  alarmed  by  the  tremendous  amounts  of  nitrogen  drained  from  our 
soils  by  the  needs  of  our  modern  civilization.  In  1898  Sir  William  Crookes 
delivered  a  now  famous  address  before  the  British  Association  for  the 
Advancement  of  Science,  in  which  he  directed  attention  to  the  danger 
involved  in  the  rapid  increase  in  the  world's  population  as  compared  wit  i 
the  prospective  increase  in  the  world's  production  of  wheat.  He  also  called 
attention  to  the  immense  loss  of  nitrogen  from  soils,  result, ng  from  natural 
causes  such  as  leaching,  which  had  been  increased  greatly  by  modern 
methods  of  cultivation;  and  to  the  immense  quantities  of  iwgn ^bemg 
removed  annually  from  soils  in  crops.  This  fear  was  soon  shared  by  others^ 

In  1905  Shutt  showed  that  some  soils  in  Canada  had  lost  as  much  s.  p 
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cent  of  their  total  nitrogen  in  22  years  after  being  put  under  cultivation, 
and  similar  losses  were  noted  by  investigators  in  other  countries. 

It  was  the  notable  work  of  Atwater  (1884)  in  this  country,  and  of 
Hellriegel  (1886)  and  Wilfarth  (1887)  in  Europe,  that  furnished  a  basis  for 
the  solution  of  the  problem  of  soil  nitrogen  depletion.  These  investigators 
showed  that  the  organisms  which  previously  had  been  found  to  be  living 
on  the  roots  of  legumes,  and  which  had  been  named  Bacillus  radicicola  by 
Beijerinck,  had  the  power  to  fix  the  very  inert  elemental  nitrogen  of  the 
atmosphere  and  to  make  use  of  it  in  their  metabolism.  As  about  75  per  cent 
of  the  atmosphere  is  nitrogen,  there  is  a  reserve  supply  of  over  70,000,000 
pounds  above  every  acre.  By  a  process  that  is  still  not  fully  understood,  the 
soil  atmospheric  nitrogen  that  is  fixed  by  legume  bacteria  (Rhizobium) 
becomes  available  to  the  legume  host  and  possibly  to  any  nonleguminous 
plant  whose  roots  may  be  in  the  immediate  vicinity  of  the  legume  nodules. 
In  addition,  the  studies  of  Winogradsky,  of  Russia,  in  1895,  and  of 
Beijerinck,  of  Holland,  in  1901,  showed  that  atmospheric  nitrogen  may  be 
fixed  by  some  nonsymbiotic  soil  organisms.  This  fixation  has  been 
thought  of  as  being  of  minor  importance  but  it  may  yet  be  proved  to 
be  of  as  great  importance  to  agriculture  as  the  fixation  of  nitrogen  by 
legume  bacteria.  The  discovery  of  the  nitrogen-fixing  power  of  soil 
organisms  assured  the  farmer  of  a  means,  although  perhaps  a  rather  costly 
one,  of  increasing  the  nitrogen  content  of  the  soil  largely  through  the 
growth  of  leguminous  green  manuring  crops. 

Besides  biological  methods  of  fixation,  chemical  and  electrical  meth¬ 
ods  of  fixation,  as  already  described,  have  received  much  attention  by 
scientists  during  the  last  third  of  a  century.  As  European  countries  were 
farther  removed  from  the  source  of  Chilean  nitrate  and  were  in  more 
anger  of  being  cut  off  from  this  source  of  nitrogen  in  time  of  war,  some 
o  them  surpassed  us  in  the  early  years  in  nitrogen  fixation  investigations. 

Characteristics  of  Synthetic  Nitrogenous  Fertilizers 


In  general  the  synthetic  nitrogenous  fertilizers  which  are  made  from 
che  primary  products  of  fixation,  nitric  acid,  calcium  cyanamide  an" 

— rr  r  outstaf ng  imPOr. 

aace  t°  the  manufacturers  of  mixed  goods  and  to  the  farmer.  (0  From 

They  are  hieh^n  7  *  tH°Se  are  acid’  neutral>  or  alkaline.  (2) 

smi.y.  rst  ;3fxr be  transp<r  ^ 

stances.  (4)  Fertilizers  carrying  nitrogel  i-Tihe"™117  ^  ^  ^ 

y  ng  nitrogen  in  the  nitrate,  ammoniacal,  or 


Table  25 

Chemical  Nitrogen:  World  Capacity  for  Production,  by  Processes  and  Countries  (Effective  Capacity  as  of  January  1934) 

(. Figures  are  in  tons  of 2,000  lbs.  of  nitrogen)  _ 
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*  Capacity  for  the  production  of  nitrogen  as  sodium  nitrate  and  potassium  nitrate, 
t  India,  Austria,  Australia,  and  Denmark. 
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amide  form,  can  be  bought  at  little  difference  in  price.  The  production  of 
cheap  synthetically  produced  nitrogen  products  has  decreased  the  cost  of 
nitrogen  in  complete  fertilizers.  A  description  of  the  manufacture,  char¬ 
acteristics  and  use  of  the  synthetic  nitrogenous  fertilizers  found  on  the 
market  in  recent  years  is  given  below.  Some  of  these  materials  have  been 
on  the  market  for  such  a  short  period  of  time  that  only  meager  experi¬ 
mental  evidence  as  to  their  crop-producing  power  is  available.  On  the 
other  hand,  others  have  probably  passed  the  peak  of  their  popularity  and 
are  now  passing  out  of  use.  A  few  that  were  on  the  market  at  the  beginning 
of  World  War  II  have  not  been  available  since,  and  their  manufacturers 
may  replace  them  with  other  carriers  of  nitrogen. 

Manufacture  of  Calcium  Nitrate 

Calcium  nitrate,  sometimes  called  Norwegian  saltpeter,  was  the  first 
synthetic  nitrogenous  fertilizer  put  on  the  market.  It  has  never  proved  to 
be  an  entirely  satisfactory  fertilizer  and  its  production  has  always  been 
limited.  In  the  early  days  it  was  sold  under  the  name  of  air  saltpeter .  It  is 
made  by  treating  nitric  acid  with  lime.  The  reaction  involved  is  as  follows: 

2HN03  +  CaCOs  =  Ca(N03)2  +  H2C03 


After  about  5  per  cent  of  ammonium  nitrate  has  been  added  for  the 
purpose  of  assisting  in  crystallizing  the  salt,  the  clear  solution  is  evaporated 

to  dryness  by  spraying  with  compressed  air. 

At  the  present  time  calcium  nitrate  is  being  manufactured  in  Norway. 
At  the  beginning  of  World  War  II,  calcium  nitrate  furnished  about  8  per 
cent  of  the  nitrogen  consumed  by  the  world’s  agriculture.  No  calcium 
nitrate  is  produced  in  this  country. 


Characteristics  of  Calcium  Nitrate 

Nearly  pure  crystallized  calcium  nitrate  is  so  very  hygroscopic  that  it 
will  melt  if  held  in  the  hand.  In  fact,  the  commercial  product  that  was  first 
put  on  the  market  was  so  hygroscopic  that  it  was  often  necessary  to  ship  it 
in  airtight  wooden  kegs.  Likewise,  before  it  could  be  distributed  properly 
in  the  soil,  it  was  often  necessary  to  mix  the  fertilizer  with  peat  dust  or 
some  similar  material.  Lime  was  sometimes  added  as  a  dryer,  but  the 
objection  to  this  practice  was  the  reduction  of  the  nitrogen  content  an 
the  increase  in  transportation  charges  per  unit  of  nitrogen  which  resulted. 
At  other  times  it  has  been  mixed  with  potassium  sulfate  and  magnesium 
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Fig.  27.  Spraying  of  calcium  nitrate  for  the  purpose  of  graining.  (Courtesy,  Syn¬ 
thetic  Nitrogen  Products  Corporation.) 

siiltete:  for  the  purpose  of  improving  its  physical  condition,  but  with 
indifferent  success. 

The  calcium  nitrate  now  found  on  the  market  is  granular  in  form  and 
ree  from  dust.  At  one  time  calcium  nitrate  was  objected  to  because  the 
dust  released  when  the  material  is  broadcast  often  blistered  the  skin  and 
shrunk  the  shoes  of  the  workmen.  With  the  present  product  this  objection 
as  to  some  extent  been  overcome.  As  it  flows  rather  freely  through  the 
ordinary  fertilizer  distributor  cafe  must  be  taken  to  regulate  the  flow  if 
proper  distribution  is  to  be  obtained. 

Commercial  calcium  nitrate  is  usually  almost  pure  white  It  is  alkaline 
co  litmus  and  very  soluble  in  water.  Calcium  nitrate,  like  many  Lett 

cherenft;CirS“  Where  ^amities  ate  to  be  used' 

have  their 

quivaient  of  calcium  nitrate  amounts  to  about 
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28  per  cent.  Pure  calcium  nitrate  analyzes  about  17  per  cent  and  the  com¬ 
mercial  product  about  15.5  per  cent  of  nitrogen. 

Calcium  nitrate  is  shipped  in  100-pound  even-weight  bags  which  are 
made  of  burlap  with  a  paper  lining  cemented  to  the  burlap  with  asphalt. 
In  this  way  the  material  is  kept  dry  and  it  should  reach  the  farmer  in 
excellent  physical  condition. 

Calcium  nitrate  is  immediately  available  to  plants.  The  results  that 
have  been  secured  with  calcium  nitrate  by  the  various  agricultural  experi¬ 
ment  stations  indicate  that  when  applied  to  general  field  crops  the  yields 
secured  are  comparable  to  those  that  have  been  secured  with  other  nitrates. 
It  is  considered  an  excellent  carrier  of  nitrogen  for  those  crops  that  utilize 
large  quantities  of  calcium.  Calcium  nitrate  appears  to  be  best  adapted  to 
the  alkali  soils  of  the  arid  West,  the  calcareous  truck  crop  soils  of  the  East 
Coast  of  Florida,  and  soils  in  the  northeastern  states  where  climatic  condi¬ 
tions  are  more  favorable  to  distribution. 

A  double  nitrate  salt  of  magnesium  and  calcium  has  been  offered  for 
sale  in  France.  It  analyzes  15.5  per  cent  nitrogen,  7  per  cent  water-soluble 
magnesium,  and  16  per  cent  water-soluble  calcium. 

How  Calcium  Nitrate  Should  Be  Used 

Calcium  nitrate  may  be  drilled  or  broadcast.  If  it  is  broadcast,  like 
other  soluble  salts,  it  should  be  applied  only  on  days  when  the  foliage  of 


28  Plowing  under  corn  stalks  and  300  pounds  of  Granular  Aero  Cyanamid  per 
28.  Plow  g  (Courtesv,  American  Cyanam.d  Company.) 
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plants  is  dry,  otherwise  the  material  may  cling  to  the  plants  and  result  in 
the  killing  of  those  parts  with  which  it  comes  in  contact.  Because  calcium 
nitrate  will  burn  the  skin,  it  is  most  satisfactorily  broadcast  by  hand  during 
cool  or  dry  weather.  Since  all  commercial  calcium  nitrate  is  to  some  extent 
hygroscopic,  the  bags  should  not  be  opened  until  the  product  is  to  be  used. 
Mehring  (1930)  found  that  calcium  nitrate  was  perfectly  dry  and  drilled 
well  in  an  atmosphere  of  40  per  cent  relative  humidity,  but  at  50  per  cent 
humidity  it  was  soggy  and  drilled  poorly,  and  at  60  per  cent  humidity  it 
was  entirely  liquefied. 

Because  of  its  hygroscopic  character  calcium  nitrate  is  not  considered 
suitable  for  use  in  factory-mixed  fertilizers.  Experience  with  the  present 
commercial  product  shows  that  it  may  be  used  in  home  mixtures  if  these 
are  applied  within  a  short  time  after  mixing. 


Characteristics  of  Calcium  Cyanamide 

At  the  present  time  calcium  cyanamide  furnishes  about  5  per  cent  of 
the  nitrogen  consumed  by  the  world  s  agriculture.  Calcium  cyanamide 
(ci-an-am'ide)  has  been  put  on  the  market  under  the  trade  names  of  Aero 
Cyan  amid  (ci-an  'a-mid) ,  lime-nitrogen,  Nitrolim,  and  Nitrolime.  Pure  calcium 
cyanamide  contains  35  per  cent  of  nitrogen  and  is  white  in  color.  The 
European  products  contain  10  to  20  per  cent  of  nitrogen,  the  American 
pulverized  Aero  Cyanamid  22  per  cent  of  nitrogen  and  the  American 
granular  Aero  Cyanamid  21  per  cent  of  nitrogen.  The  American  commercial 
products  manufactured  at  Niagara  Falls,  Canada  contain  about  60  to  63 
per  cent  of  calcium  cyanamide,  15  to  20  per  cent  of  free  lime,  11  per  cent 
o  ree  carbon,  2  to  4  per  cent  of  water,  and  some  aluminum,  iron,  and 

h  ^  •7T1'ItS  t0td  Hme  iS  ec*uivalent  to  about  70  per  cent  of  calcium 
y  rojade.  This  means  that  the  equivalent  of  1400  pounds  of  hydrated 

.  ime  is  found  in  every  ton  of  calcium  cyanamide.  Because  of  the  presence  of 

ee  carbon  commercial  calcium  cyanamide  is  black  in  color.  It  is  dis- 

inctly  alkahne.  Calcium  cyanamide  now  appears  on  the  American  market 

m  both  powdered  and  granular  form.  The  powdered  calcium  cyanamide  is 

'SruT  dOUb,eibagS’  fot  “  ‘S  1  ^  and  f  lit 

packed  would  d  out.  It  is  olled  t0  lesse„  its  dusdne$s  anJ  ,s  then  ^ 

eted  without  further  treatment.  It  has  excellent  drilling  properties  The 

crops.  Thegral,  r  '  odurr  P°T  Pr°duCt  ^  direCt  W^ion  to 
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heat  or  reversion  of  phosphoric  acid  to  the  citrate-insoluble  form.  Such 
mixtures  however,  must  be  applied  with  the  same  precautions  as  would  be 
used  with  calcium  cyanamide  itself. 


Changes  that  Take  Place  in  Calcium  Cyanamide  During 
Storage 


When  calcium  cyanamide  is  exposed  to  the  atmosphere  it  slowly 
absorbs  water  and  carbon  dioxide,  thus  forming  a  surface  crust  and 
slightly  increasing  its  volume.  Richardson  (1932)  has  reported  a  10  per 
cent  increase  in  weight  after  27  months  of  storage.  The  water  enters  into 
chemical  combination  with  the  calcium  cyanamide  and  forms  calcium 
hydrogen  cyanamide  and  calcium  hydroxide.  Because  of  this  change  the 
water  absorbed  cannot  be  determined  merely  by  heating  a  sample  of  the 
material  to  100°  C.  The  carbon  dioxide  unites  with  the  calcium  hydroxide 
to  form  calcium  carbonate.  Both  of  the  above  changes  result  in  an  increase 
in  the  total  weight  and  volume  of  the  material. 

When  calcium  cyanamide  is  stored  in  bulk  for  a  year  or  more  deteriora¬ 
tion  of  the  material  may  result.  Under  such  conditions  dicyanodiamide— 
a  compound  which  is  so  stable  as  to  be  of  very  little  value  as  a  fertilizer- 
may  be  formed,  especially  if  little  attempt  has  been  made  to  keep  moisture 
and  air  away  from  the  calcium  cyanamide.  It  is  for  this  reason  that  the 
manufacturers  of  calcium  cyanamide  recommend  that  only  calcium 


cyanamide  from  newly  opened  bags  be  used. 

The  faint  odor  of  ammonia  that  is  sometimes  given  off  by  calcium 
cyanamide  results  from  the  ammonia  that  has  been  absorbed  by  its 
graphitic  carbon.  During  the  process  of  manufacture  small  quantities  of 
metallic  nitrides  are  produced.  Later,  when  the  calcium  cyanamide  is 
treated  with  small  amounts  of  water  for  the  purpose  of  decomposing 
traCes  of  calcium  carbide,  these  metallic  nitrides  are  decomposed  with 
the  formation  of  ammonia.  This  ammonia  is  absorbed  by  the  parades  of 
free  carbon  that  are  present,  and  held  for  an  indefinite  period.  It  is  this 
ammonia  which  whel  set  free  is  responsible  for  the  faint  odor  sometimes 

noticed. 


Use  of  Calcium  Cyanamide  in  Mixed  Goods 

Calcium  cyanamide  is  considered  one  of  the  best  driers  known  and  for 
this  reason  about  one-fourth  of  the  calcium  y  J  Mixtures  of 
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ant,  and  they  drill  well.  They  rarely  cake  or  set  in  the  bags,  nor  does  bag 
trouble  arise  with  calcium  cyanamide  mixtures. 

The  poor  mechanical  condition  of  many  fertilizer  materials  is  due  to 
the  presence  of  moisture.  The  poor  mechanical  condition  of  superphos¬ 
phate  when  present  is  due  to  the  presence  of  free  acid.  When  calcium 
cyanamide  is  mixed  with  the  common  fertilizer  mixtures  the  chemical 
changes  induced  bring  about  the  fixation  of  water  as  water  of  crystalliza¬ 
tion  and  the  production  of  heat,  and  these  reactions  aid  in  drying  the  mix¬ 
ture.  At  the  same  time  the  lime  in  the  calcium  cyanamide  quantitatively 
neutralizes  any  free  phosphoric  acid  that  is  present.  In  such  cases  lime¬ 
stone  or  other  carriers  of  lime  may  not  be  needed  for  conditioning  purposes . 

Manufacturers  have  found  that  30  to  60  pounds  of  pulverized  calcium 
cyanamide  per  ton  of  average  fertilizer  mixture  gives  satisfactory  results. 

1  his  quantity  has  been  found  to  generate  sufficient  heat  to  dry  out  the 
mixture  and  thus  induce  a  good  physical  condition.  Larger  quantities 
may  produce  too  much  heat  and  may  also  bring  about  a  reversion  of  some 
of  the  available  phosphates.  Quantities  of  calcium  cyanamide  ranging  from 
75  to  100  pounds  are  sometimes  used  by  manufacturers,  especially  when 
working  on  a  small  scale  where  conditions  are  such  that  the  heat  generated 
may  escape  readily.  Likewise,  75  to  100  pounds  of  calcium  cyanamide  is 
sometimes  used  when  bulky  materials  such  as  dried  fish,  animal  tankage 
and  cottonseed  meal  are  present.  These  materials  help  to  cover  the  calcium 
cyanamide  and  thus  keep  it  away  from  the  superphosphate.  One  pound  of 
calcium  cyanamide,  if  thoroughly  incorporated  witfi  one  ton  of  fertilizer 
mixture,  will  raise  the  temperature  of  the  mixture  about  1°  F.  Thus  60 
pounds  of  calcium  cyanamide  is  sufficient  to  raise  the  temperature  of  a  ton 

would"2"  T'XtUre  ?7°  60°  R  A  larger  of  calcium  cyanamide 

,  *vethree™[kedmfluences  upon  a  fertilizer  mixture:  (l)  It  would 

dicyanodiamide.  ^  n  ^  f°rmation  of  some 
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together  with  calcium  cyanamide  and  ammonium  sulfate,  there  will  be  no 
loss  of  ammonia  if  sufficient  superphosphate  is  added  to  make  6  to  10  per 
cent  available  phosphoric  acid.  Such  mixtures  are  acid  and  remain  acid  if 
the  quantity  of  calcium  cyanamide  does  not  exceed  150  pounds  per  ton. 
Ammonia  cannot  be  lost  from  an  acid  mixture.  In  assembling  materials  for 
mixing,  the  calcium  cyanamide  and  the  ammonium  sulfate  should  be  kept 
separate,  or  if  put  in  the  same  pile  they  should  be  separated  with  a  little 
superphosphate  until  the  mixing  begins.  The  granular  cyanamide  is  not 
satisfactory  for  use  as  a  conditioner.  Some  calcium  cyanamide  can  be 
used  to  furnish  nitrogen  and  as  a  conditioner  in  ammoniated  mixtures. 


Fig.  29.  Granular  Aero  Cyanamid.  Flows  like 
birdshot.  (Courtesy,  American  Hortigraphs  and  Agro¬ 
nomic  Review.) 


Sodium  nitrate  can  be  mixed  with  calcium  cyanamide  in  any  proportion, 
but  when  mixed  with  damp  superphosphate  it  will  lose  some  of  its  nitro¬ 
gen  in  the  form  of  nitric  oxides.  This  loss  can  be  prevented  by  adding  to 
the  ordinary  mixture  60  pounds  of  calcium  cyanamide  per  ton.  Basic  slag 
phosphates,  potassium  sulfate,  and  similar  salts  can  be  mixed  with  calcium 

cyanamide  without  undergoing  change. 

Chemical  analyses  of  most  mixed  fertilizers  containing  calcium  cyan¬ 
amide  at  the  time  of  application  show  that  none  of  the  original  calcium 
cyanamide  remains  in  the  mixture.  The  nitrogen  has  been  converted  from 
calcium  cyanamide  to  urea  and  the  resulting  calcium  oxide  has  be 

neutralized. 


Conversion  of  Calcium  Cyanamide  within  the  Soil 

When  calcium  cyanamide  is  added  to  a  moist  soil  three  distinct  changes 
take  place,  (l)  The  material  goes  into  solution  in  the  soil  water.  (2)  It 
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Fig.  30.  Photomicrograph  (X15)  of  Cyanamid  granules  collected  3  months 
after  broadcast  application  to  apple  trees.  No  rain  fell  on  the  granules  for  2  weeks 
after  application.  Note  formation  of  white  crystalline  crust  of  carbonate  on  outside 
o  original  black  surface  of  granules.  (Courtesy,  A.  E.  Murneek  and  the  Missouri 
Agricultural  Experiment  Station.) 


decomposes  and  gives  rise  to  free  cyanamide.  (3)  The  free  cyanamide  reacts 
with  the  soil  colloids  and,  in  a  way  that  is  not  thoroughly  understood  it  is 
converted  under  neutral  or  acid  conditions,  into  urea,  but  under  alkaline 
sod  conditions  some  dicyanodiamide  (NH:C(NH2).NH.CN)  may  be 
ormed.  That  calcium  cyanamide  may  decompose  to  form  dicyanodiamide 
has  b^  shown  by  Allison  (1929)  and  others.  Urea  and  dicyanodiamide 

fmm  Th  y  pr‘mary  dueCOmP°sitio"  that  calcium  cyanamide  can 

form.  The  reactions  that  rake  place  in  most  humid  soils  result  in  the  pro- 
duction  of  utea  and  are  probably  as  follows :  P 

■>c  t  2H2°  =  Ca(°H)‘  +  Ca(HCN2)2 

2Ca(HCN2)2  +  2H20  =  (CaOH),CN2  +  3H2CN2 

h2cn2  +  h2o  =  CO(NH2)2 

plac” k^from^wo^T^seven  days^thtracf01111^6  *nt°  Urea  usuadP  Ca-Ices 
rapidly  in  fine-grained,  moist  soil  ihan  in' CTse m°re 
the  calcium  cyanamide  present  in  the  soil ,  I  a  T'e  <5uant,ty  of 

for  conversion.  °‘‘  a'S°  mfluences  the  time  required 
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The  hydrogen-ion  concentration  of  the  soil  solution  determines 
whether  calcium  cyanamide  will  be  transformed  to  urea  or  dicyanodiamide. 
Urea  is  always  produced  if  the  hydrogen-ion  concentration  of  the  soil 
solution  has  a  pH  of  7.0  or  less;  that  is,  if  a  neutral  or  acid  condition  pre¬ 
vails.  If  the  soil  solution  is  distinctly  alkaline,  dicyanodiamide  as  well  as 
urea  may  be  formed.  The  rate  of  formation  of  dicyanodiamide  does  not, 
however,  become  appreciable  until  the  hydrogen-ion  concentration  reaches 
a  pH  of  8.0.  Since  the  hydrogen-ion  concentration  of  nearly  all  soils  of 
humid  regions  has  a  pH  of  less  than  7.0  it  is  apparent  that  the  soil  condi¬ 
tions  in  these  regions  are  always  at  an  optimum  acidity  for  the  production 
of  urea.  As  a  matter  of  fact,  dicyanodiamide  assumes  a  position  of  impor¬ 
tance  only  under  abnormal  conditions,  such  as  when  the  calcium  cyan- 
amide  is  not  properly  mixed  with  the  soil,  or  where  large  quantities  are 
used  in  soils  of  low  buffering  capacity.  When  excessively  large  applica¬ 
tions  are  made,  and  the  material  is  not  thoroughly  mixed  with  the  soil,  the 
lime  content  of  calcium  cyanamide  may  bring  about  a  localized  alkaline 
area  and  the  production  of  some  dicyanodiamide. 

Calcium  cyanamide  is  toxic  to  plants.  The  cyanamide  injury  to  vegeta- 
ble  crops  results  in  an  etiolation  of  leaf  margins  that  is  somewhat  similar 
to  that  produced  by  a  deficiency  of  potash.  The  extent  of  the  injury 
depends  upon  the  quantity  of  the  toxic  compound  absorbed  and  the 
nature  and  age  of  che  plant.  Dicyanodiamide  is  more  stable  and  less 
easily  decomposed  in  the  soil  than  is  free  cyanamide. 

Guanyl-urea  (NH».NH:CNH.CONH2)  or  dicyanodiamidine,  tre- 
uuently  mentioned  in  connection  with  dicyanodiamide,  is  sometimes 
produced  in  the  soil  from  the  latter.  It  is  nontoxic  to  plants  even  in  corn- 
paratively  large  applications,  although  it  appears  to  retard  nitrification 
slightly.  It  has  no  influence  on  ammomfication. 


Influence  of  Calcium  Cyanamide  on  the  Macro- 
organisms  and  Microorganisms  of  the  Soil 

When  calcium  cyanamide  is  used  in  applications  of  500 pounds ^or 
more  the  presence  of  caustic  lime,  as  well  as  of  free  cyanamide,  in  the  soil 

r"i  .ppi~  «- » *• 

organisms  such  as  bacteria,,  actinomyces,  fungi,  m  .  sceriliza- 

macrodrganisms  as  nematodes,  and  other  worm,  , 

cion  of  the  soil  always  follows  an  appltcar  on  of  "  J  results 
Watson  (1917),  of  the  Florida  Experiment  Star  on  has^s 
which  indicate  that  while  nematodes  may  be  partially  contro  . 
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application  of  calcium  cyanamide  they  cannot  be  eradicated.  European 
experiments  have  shown  that  calcium  cyanamide  may  reduce  the  ravages  of 
finger-and-toe  disease  (clubroot),  and  in  this  country  Haenseler  and 
Moyer  (1937)  found  that  calcium  cyanamide  was  very  effective  in  control¬ 
ling  clubroot  in  cabbage  and  turnips.  It  has  been  suggested  that  the 
excellent  results  tobacco  growers  sometimes  secured  with  calcium  cyan¬ 
amide  are  due  to  the  ability  of  calcium  cyanamide  to  kill  various  molds, 
fungi,  and  bacteria  which  are  believed  to  produce  the  condition  of  soils 
that  is  often  locally  known  as  "run  down,”  "sick,”  or  "worn  out.” 
Brooks  (1942)  found  that  1800  to  2000  pounds  of  calcium  cyanamide  per 
acre  of  muck  soil  was  effective  in  destroying  the  fungus  that  produces  the 
pink  rot  of  celery  and  the  white  mold  of  snap  beans. 

Calcium  Cyanamide  as  a  Herbicide  and  Defoliant 

A  dusting  grade  of  Aero  Cyanamid  is  sold  in  the  United  States  as  a 
herbicide  and  defoliant.  This  form  is  used  principally  to  kill  broad-leafed 
weeds  such  as  kaLe,  mustard,  charlock,  pigweed,  and  chickweed  in  spring- 
sown  small  grains  and  in  asparagus. 

When  calcium  cyanamide  is  used  in  large  quantities  alone  or  with  urea 
in  plant  beds  or  compost  it  is  very  effective  in  killing  weed  seed,  as  shown 
by  De  France  (1943)  and  others. 

Within  the  last  few  years  the  dusting  of  cotton  with  calcium  cyanam¬ 
ide,  just  prior  to  picking,  for  the  purpose  of  causing  the  copton  plant  to 
shed  its  leaves,  has  been  used  extensively  in  certain  parts  of  the  South.  The 


31.  Applying  Aero  Cyanamid  defoliant  to  cotton  by  plane  fCn 
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presence  of  foliage  at  picking  time  interferes  with  the  picking  of  seed 
cotton  and  may  lower  the  grade  of  the  cotton  lint.  This  is  especially  true 
where  the  new  cotton  pickers  have  come  into  use.  In  fact,  it  is  anticipated 
that  the  practice  will  become  a  common  one  as  the  new  mechanical  cotton 
pickers  are  adapted  to  new  regions. 

The  calcium  cyanamide  should  be  applied  with  a  mechanical  duster  at 
the  rate  of  15  to  30  pounds  per  acre.  Smaller  amounts  on  weedy  cotton 
may  not  be  sufficient  while  larger  amounts  may  cause  the  bolls  to  freeze” 
and  not  open.  The  cotton  leaves  usually  fall  in  from  5  to  10  days.  Prac¬ 
tically  all  the  cotton  bolls  should  be  open  and  ready  to  pick  within  two  to 
three  weeks  after  application. 


Use  of  Calcium  Cyanamide 


Calcium  cyanamide  appears  to  be  an  entirely  satisfactory  fertilizer  for 
many  crops  under  many  conditions,  but  is  not  adapted  to  as  general  use  as 
sodium  nitrate  and  similar  inorganic  nitrogen  salts.  On  the  sandy  soils  of 
the  Coastal  Plain  and  at  the  South  Carolina  Sand  Hill  Experiment  Station, 
calcium  cyanamide  has  not  proved  entirely  satisfactory  as  the  sole  source 
of  nitrogen  for  cotton.  When  the  plants  are  about  half  grown  they  develop 
a  leaf  injury  which  is  characteristic  and  quite  distinct  from  the  symptoms  of 
potash,  magnesium  or  manganese  deficiencies.  In  Europe  calcium  cyanam- 


^  .  ,  ,  r  p  n  Altman  Gallivants  Ferry,  South  Carolina. 

Fig.  32.  Tobacco  bed  of  •  •  ’  •>  require  no  hand  weeding. 

(Left)  Bed  treated  with  Granular  Aero  Cyanamid  will  reqmr 

(Riiht)  Bed  untreated.  (Courtesy,  American  Cyanamid  Co.) 
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ide  is  extensively  used  particularly  on  grass  lands,  and  is  most  commonly 
applied  directly  to  the  soil  as  a  single  fertilizer  material. 

In  its  powdered  state  calcium  cyanamide  is  dusty  and  is  disagreeable 
to  handle  unless  it  has  been  oiled.  Workmen  who  constantly  handle  this 
material  occasionally  show  skin  inflammation.  This  injury  does  not  result 
from  the  handling  of  the  granulated  product.  The  greatest  objection  to  the 
use  of  calcium  cyanamide  is  probably  the  fact  that  it  cannot  be  relied  upon 
to  give  satisfactory  results  under  all  circumstances,  although  it  is  highly 
effective  where  the  conditions  are  favorable  to  its  use.  Many  of  the  objec¬ 
tions  to  calcium  cyanamide  are  offset  by  the  fact  that  the  cost  per  pound  of 
nitrogen  in  calcium  cyanamide  is  usually  less  than  in  most  other  nitrogen¬ 
ous  fertilizers.  If  the  farmer  is  willing  to  inform  himself  as  to  its  char¬ 
acteristics,  and  if  he  uses  the  fertilizer  as  recommended  by  the  manu¬ 
facturers,  satisfactory  results  should  be  secured  in  most  cases.  Moyer  and 
Blair  (1930)  found  that  the  recovery  of  nitrogen  from  calcium  cyanamide 
by  oats,  rape,  barley  and  corn  compared  favorably  with  that  recovered  from 
sodium  nitrate  and  ammonium  sulfate. 


Residual  Influence  of  Calcium  Cyanamide 

The  materials  that  are  left  in  the  soil  after  the  nitrogen  of  calcium 
cyanamide  has  been  used  by  the  plant  are  calcium  carbonate,  particles  of 
carbon,  and  small  amounts  of  the  oxides  of  aluminum,  iron,  and  silicon. 
The  calcium  carbonate  that  is  left  in  the  soil  would  amount  to  slightly 
more  than  the  weight  of  the  calcium  cyanamide  applied,  and  while  this 
with  applications  commonly  employed  would  very  probably  be  less  than 
the  average  annual  loss  of  lime  from  the  soil,  it  nevertheless  represents  a 
substantial  quantity  of  lime  for  plant  use. 


How  Calcium  Cyanamide  Should  Be  Applied 

The  most  satisfactory  method  of  applying  calcium  cyanamide  is  to 
plow  tt  under  when  the  soil  is  broken.  Unless  the  soil  is  poorly  drained 
satisfactoo-  results  can  always  be  expected  from  such  a  practice 

When  calcium  cyanamide  is  applied  uniformly  over  the  surface  of  the 
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Fig.  33.  Top-dressing  applications  of  calcium  cyanamide  should  be  applied 
broadcast  rather  than  in  streaks.  (Courtesy,  American  Cyanamid  Co.) 


conversion  of  the  cyanamide  to  urea,  ammonia,  and  finally  to  nitrates. 
When  calcium  cyanamide  is  applied  to  sandy  soils,  or  soils  devoid  of 
organic  matter,  the  length  of  the  waiting  period  before  planting  should  be 
double  that  required  on  fertile  soils. 

If  it  is  impracticable  to  delay  planting  until  10  days  after  application, 
satisfactory  results  can  be  secured  by  thoroughly  mixing  the  calcium 
cyanamide  with  the  soil  and  planting  so  as  to  avoid  direct  contact  of 
fertilizer  and  seed.  Thorough  mixing  of  the  calcium  cyanamide  with  the 
soil  must  always  be  advocated  because  calcium  cyanamide  produces  free 
cyanamide,  and  also  because  it  contains  lime  in  the  oxide  form.  These 
compounds  are  very  harmful  to  microorganisms,  seeds,  and  plant  roots  if 
the  concentration  is  excessive  in  any  one  place.  For  this  reason  calcium 
cyanamide  unmixed  with  other  fertilizer  materials  should  never  be  drilled 

in  the  row  in  direct  contact  with  the  seed. 

Side-dressings  of  calcium  cyanamide  are  not  generally  recommende 
except  for  such  crops  as  sugar  cane  and  corn,  but  when  used  shou 
always  be  made  with  a  distributor.  The  powdered  product  should  not  be 
applied  by  hand  to  many  broad-leaved  crops.  The  material  is  very  fine  and 
sticks  to  leaves  more  than  does  the  granular  product  or  other  coarser 
grained  fertilizers.  In  Germany  and  France  calcium  cyanamide  is  used  in 
large  amounts  as  a  nitrogen  top-dressing  for  the  cereal  crops  an  or  t  le 
additional  purpose  of  killing  any  broad-leaved  weeds  that  may  be  present. 
Applied  early  in  the  spring  little  or  no  injury  is  caused  to  the  grain  crop. 

Smith,  Heinze  and  Murneek  (1943)  found  that  the  best  resu  ts  are 
secured  when  calcium  cyanamide  is  drilled  in  the  usual  way  and  ollow  d 
with  a  cultivator  that  mixes  the  soil  and  the  fertilizer,  especially  if  the 
weather  is  dry  and  if  the  granular  form  of  the  fertilizer  is  used  . 
has  been  practiced  successfully  on  established  crops  such  as  fruit  trees, 

asparagus,  permanent  pastures 

were  made  in  late  fall  or  early  in  the  spring  while  there  s  a n 
supply  of  moisture  in  the  soil.  The  smaller  the  rate  of  application  the 
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the  necessity  for  exercising  care  in  the  use  of  calcium  cyanamide.  Allison 
(1929)  recommends  that  for  the  average  soil  not  more  than  200  pounds  of 
calcium  cyanamide  be  used  per  acre.  He  thinks  that  usually  the  best  results 
will  be  obtained  by  using  not  more  than  100  pounds.  Where  conditions 
are  especially  favorable  to  its  use  considerably  larger  amounts,  as  much  as 
500  pounds  per  acre,  may  be  applied  with  good  effect. 

Manufacture  of  Urea 

In  this  country  urea  is  manufactured  extensively  by  combining  pure 
ammonia  with  pure  carbon  dioxide  gas  under  high  pressure.  Ammonium 
carbamate  is  formed  first,  but  it  loses  a  molecule  of  water  and  is  thus  con¬ 
verted  into  urea.  The  reactions  involved  are  as  follows: 


2NH3  +  co2  =  NH2.COO.NH4 
NH2.COO.NH4  =  CO(NH2)2  +  HoO 

l  he  solution  can  be  concentrated  in  vacuum  evaporators  and  finally 
dried  by  spraying  into  a  chamber  where  it  solidifies  in  pellet  form.  Urea 
can  also  be  manufactured  from  calcium  cyanamide  by  the  acid  process. 

Characteristics  of  Urea 


Urea  and  urea  compounds  have  been,  or  are,  sold  for  fertilizer  purposes 
in  the  United  States  under  trade  names  such  as  Floranid,  Ureor,  Calsi- 
Ureor,  Agramon,  and  Uramon.  The  crystal  urea  now  found  on  the  market 
is  a  white,  crystalline  product  used  almost  exclusively  for  chemical  pur¬ 
poses.  Chemically  speaking,  urea  is  an  organic  compound.  The  American 
Association  of  Official  Agricultural  Chemists  class  urea,  as  well  as  calcium 
cyanamide,  as  a  synthetic  nonproteid,  organic  compound.  The  fertilizer 
laws  of  some  states  class  urea  as  an  "organic,”  or  as  a  "water-soluble 
organic  nitrogen  source,  while  the  laws  of  other  states  class  urea  as  soluble 
nitrogen  along  with  all  inorganic  nitrogen  sources.  Commercial  urea  is 
identical  with  the  urea  found  in  animal  urine.  It  contains  46  per  cent  of 
nitrogen,  an  amount  greater  than  that  found  in  any  other  commercial  solid 

ZZnZlT  materia'  and  neaHy  three  times  Che  ~  fo-nd  » 


Characteristics  of  Uramon 

In  1938  a  commercial  product  consisting  of  crystal  urea  which  h 
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name  of  Uramon.  It  is  manufactured  by  Du  Pont  at  Belle,  West  Virginia. 
Since  that  time  this  product  has  become  a  leader  in  its  field.  It  is  a  semi- 
granular  product  analyzing  42  per  cent  of  nitrogen.  At  the  present  time  the 
cost  of  nitrogen  in  Uramon  is  about  equivalent  to  that  in  other  low 
cost  solid  nitrogenous  materials,  and  for  this  reason  alone  it  has  proved 
popular. 


Use  of  Urea  in  Mixed  Goods 

Urea  may  be  used  in  mixed  goods  just  as  satisfactorily  as  many  other 
sources  of  nitrogen,  provided  certain  precautions  for  mixing  with  other 
materials  are  observed.  At  least  50  pounds  of  urea  may  be  used  in  most 
complete  mixtures  and  in  many  formulas  it  is  possible  to  use  100  pounds  or 
over.  Urea  does  not  react  chemically  with  potash  salts,  thoroughly  neutral¬ 
ized  superphosphate,  dolomite,  ammonium  sulfate,  and  many  other 
fertilizer  materials  but  it  should  never  be  put  in  mixtures  containing 
appreciable  quantities  of  ammonium  nitrate.  Nevertheless,  urea  should 
only  be  mixed  with  ordinary  superphosphate  or  treble  superphosphate  in 
which  the  free  sulfuric  or  phosphoric  acids  have  been  neutralized,  other¬ 
wise  a  somewhat  damp  mixture  will  result.  Also,  high  temperatures  ot 
mixtures  should  be  avoided.* At  temperatures  above  130°  F.  urea  may 
hydrolyze  to  ammonia  and  carbon  dioxide,  but  this  may  or  may  not  be 

objectionable. 

At  the  present  time  a  great  deal  of  urea  is  going  into  complete  tern  - 
izers  along  with  ammonia  liquors.  In  most  cases  this  urea  does  not  enter 
into  the  chemical  reactions  involved  in  ammoniation. 


Urea  as  a  Source  of  Nitrogen  for  Plants 

Urea  is  completely  soluble  in  the  soil  solution,  but  as  such  is  ap- 
patently  not  utilized  in  large  amounts  by  out  common  field  and  horti¬ 
cultural  crops.  There  is  some  evidence,  however,  which  would  indicate  t  at 
urea  may  be  utilized  as  such,  at  least  to  a  limited  extent,  by  some  plants. 
Under  most  field  conditions  urea  is  probably  converted  to  ammonia  or  to 
ammonia  and  nitrates,  and  in  these  forms  absorbed  by  plants.  The  reactions 
that  may  take  place  in  the  soil  before  the  nitrogen  of  urea  is  absorbed 
assimilated  by  plants  probably  are  as  follows : 


CO(NH2)2  +  2H20  =  (NH4)2COs 
(NH4)2C03  +  302  =  2HNO,  +  3H20  +  CO, 
2HN02  +  20,  =  2HNO3 


Advantages  to  Be  Derived  from  the  Use  of  Urea 


99 


The  conversion  of  urea  into  ammonium  compounds  within  a  short 
time  after  application  to  the  soil,  as  illustrated  by  reaction  (l),  may  be 
very  important,  for  Allison  (1939)  found  that  urea  would  leach  from  the 
soil  within  four  days  following  application.  The  loss  of  nitrogen  by  leach¬ 
ing  is  small  if  the  urea  has  been  converted  to  ammonium  carbonate. 


Influence  of  Urea  on  Soil  Acidity 

Owing  to  the  rapidity  with  which  certain  types  of  bacteria  convert 
urea  into  carbamide  urea  great  care  must  be  taken  not  to  apply  urea  in  too 
large  amounts  at  any  one  time  in  close  proximity  to  germinating  seeds  or 
roots  of  plants.  Otherwise,  injury  may  result.  As  urea  contains  no  residual 
base,  soils  may  eventually  become  slightly  acid  following  its  continued 
use.  The  initial  influence  of  urea  on  the  soil  reaction  is  alkaline  like  that  of 
the  proteid  organics.  Because  urea  will  produce  a  slight  acidity  in  the 
soil,  the  use  of  small  amounts  of  dolomitic  limestone  along  with  the  urea 
has  frequently  been  found  to  increase  the  efficiency  of  the  material. 

Use  of  Urea  in  Tobacco  Beds 

Urea  in  the  form  of  Uramon  is  now  being  used  with  calcium  cyanamide 
in  tobacco  plant  beds.  The  calcium  cyanamide  will  kill  weed  seeds  and  the 
urea  will  kill  plant  diseases.  To  be  effective  these  materials  should  be  ap¬ 
plied  60  to  90  days  before  planting  the  tobacco  seed. 

Advantages  to  Be  Derived  from  the  Use  of  Urea 

Theoretically,  urea  is  almost  an  ideal  nitrogenous  fertilizer  to  be  ap¬ 
plied  at  planting.  It  is  a  cheap  source  of  nitrogen  and  is  completely  avail¬ 
able  to  crops.  It  is  converted  into  ammonium  and  nitrate  forms  suitable 
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for  absorption  at  a  time  when  the  crop  demand  for  those  sources  of  nitro¬ 
gen  is  the  greatest.  The  nitrogen  of  urea  is  resistant  to  leaching  and,  as  has 
been  stated  above,  it  increases  soil  acidity  only  slightly. 


Calurea 


Calurea  is  the  trade  name  of  a  product  made  up  of  a  mixture  of  calcium 
nitrate  and  urea  and  probably  has  the  formula  Ca(N03)2.4(NH2)2C0. 
Because  urea  has  the  property  to  replace  water  of  crystallization,  as  illus¬ 
trated  below,  it  often  produces  a  poor  physical  condition  when  improperly 
used  with  superphosphate. 

Gl(N03)2.4H20  +  4(NH2)2CO  Ca(N03)2.4(NH2)2C0  +  4H20 

Calurea  contains  34  per  cent  of  nitrogen  and  soluble  calcium  equivalent  to 
14  per  cent  of  calcium  oxide.  About  one-fifth  of  its  nitrogen  is  in  the 
nitrate  form  and  four-fifths  in  the  amide  form.  It  is  a  dryland  odorless 
white  crystalline  product  of  excellent  physical  condition. 


Use  of  Ammonium  Hydroxide  as  a  Fertilizer 

The  use  of  ammonium  hydroxide  as  a  fertilizer  material  has  proved 
successful  recently.  Maclntire  (1943)  has  shown  that  when  ammonium 
hydroxide  was  applied  at  the  rate  of  50  pounds  of  nitrogen  per  acre  at  the 
time  of  seeding  Sudan  grass  it  proved  as  efficacious  as  equivalences  of  the 
sulfate  and  nitrate.  The  practice  of  adding  ammonium  hydroxide  to 
irrigation  water  has  been  designated  as  nitrogation. 

Field  application  of  ammonium  hydroxide  has  been  carried  out  suc¬ 
cessfully  from  a  drum  at  the  time  the  land  is  disked  to  corn  and  sorghum 
at  the  Georgia  Experiment  Station.  Bledsoe  and  Olson  (1944)  secured 
results  comparable  with  those  from  sodium  nitrate.  The  equipment  neces¬ 
sary  for  application  is  shown  in  Fig.  36. 


Ammonium  Sulfate  Nitrate 

Ammonium  sulfate  nictate  is  made  by  mixing  hot  solutions  or  moist 
salts  of  ammonium  sulfate  and  ammonium  n, crate  and  then  drying.  The 
double  salt  which  results  is  a  soft  crystalline  material  containing  abou 
26  per  cent  of  nitrogen  of  which  about  one-fourth  is  in  the  nitrate  form 
andP  three-fourths  in  the  ammoniacal  form.  The  German  product  wh 
was  imported  into  this  country  following  World  War  I  was  known  by  the 
trade  name  of  Leunasalpeter.  It  was  named  for  the  Leuna  nitrogen  xation 
plant  in  Germany.  The  French  product  is  sold  under  the  trade  name  of 
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Fig.  35.  Plant  of  the  Solvay  Process  Company,  Hopewell,  Virginia.  This  plant 
has  been  manufacturing  synthetic  (Arcadian)  sodium  nitrate  since  1929  and  is 
the  largest  plant  in  America.  (Courtesy,  Barrett  Division,  Allied  Chemical  and 
Dye  Corporation.) 

Lesulfonitr ate  d’ ammoniaque.  When  ammonium  sulfate  nitrate  is  allowed  to 
lie  in  storage  it  sets  into  a  cake  and  must  be  broken  up  for  further  use. 
Fertilizer  tests  conducted  at  many  of  the  agricultural  experiment  stations  in 
this  country  have  shown  that  the  product  compares  favorably  with  many 
of  the  leading  nitrogenous  materials.  The  use  of  ammonium  sulfate 
nitrate,  like  all  ammoniacals,  increases  the  acidity  of  the  soil. 

Ammonium  Chloride 


Ammonium  chloride,  sometimes  called  muriate  of  ammonia,  is  syn¬ 
thesized  by  combining  ammonia  with  hydrochloric  acid.  It  contains  about 
26  per  cent  of  nitrogen,  and  has  a  very  good  physical  condition.  Am¬ 
monium  chloride  may  be  used  in  mixtures  of  superphosphate  and  potash 
without  caking.  It  is  produced  in  Germany  by  a  modification  of  the 
r  Vay,  Pr°,CeSS  f°r  makm«  sodlum  carbonate.  Briefly,  sodium  chloride  is 

amrrKmium  ch7T  7  7°"  “  f0™  S°dium  bic"bonate  and 

mmomum  chloride,  and  the  resulting  ammonium  chloride  is  then  sena 

rated  torn  the  solution.  This  procedure  is  similar  to  the  proces  used  in  The 

manufacture  of  ammonium  sulfate  from  gypsum.  Ammon  um  ch  or  de 

sr  -  -  ■* - — .Ps 

Ammonium  chloride  has  been  shown  ^  •  r  • 

momum  sulfate  is  superior  to  ammonium  chloride  as  a  source  of' 

for  potatoes,  but  less  effective  for  barlev  Cf  ,  “urce  of nitrogen 

ammonium  chloride  to  be  equal  in  vJ  a"d  B“le  found 

production  of  cotton.  ^  '  *°  ammonium  sulfate  in  the 
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Ammonium  Bicarbonate 

Ammonium  bicarbonate  has  been  used  as  a  fertilizer  to  a  limited  extent 
in  Europe.  It  carries  about  17  per  cent  of  nitrogen.  It  is  somewhat  unstable 
and  may  lose  to  the  atmosphere  some  of  its  ammonia  before  it  can  be 
adsorbed  by  the  soil.  This  is  especially  true  when  the  ammonium  bicar¬ 
bonate  is  applied  as  a  top-dressing  to  calcareous  or  alkaline  soils.  Because 
of  its  unstable  character  large  applications  may  bring  about  soil  toxicity, 
for  large  amounts  of  free  ammonia  in  the  soil  have  been  shown  to  be  highly 
toxic  to  some  field  crops.  It  is  very  doubtful  that  the  product  will  ever  be 
marketed  to  any  great  extent  for  fertilizer  purposes. 

Synthetic  Sodium  Nitrate  and  Ammonium  Sulfate 

The  manufacture  and  use  of  synthetic  sodium  nitrate  and  ammonium 
sulfate  are  discussed  in  Chapters  2  and  3  respectively.  Arcadian  synthetic 
sodium  nitrate  has  been  in  commercial  production  since  1928.  In  this 
period  it  has  exerted  a  profound  effect  on  the  American  nitrogen  market. 


-  *  “gag  secs^.*****  “  “ 
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Processes  Dealing  with  Production  of  Fertilizers 
Containing  Two  or  More  Nutrients 

Processes  dealing  with  the  production  of  compounds  containing  two  or 
more  of  the  plant  nutrients,  nitrogen,  phosphoric  acid,  and  potash,  have 
attracted  considerable  attention,  because  the  resulting  products  are  very 
high-analysis  fertilizers.  It  now  seems  that  fertilizers  of  this  type  will  be 
used  to  an  increasing  extent  in  the  future.  Generally  speaking,  the  cost  of 
producing  these  fertilizers  is  high  but  to  the  farmer  the  cost  per  unit  of 
plant  food  in  these  materials  is  low.  Gericke  (1922)  has  shown  that  the 
pairing  of  nutrient  elements  in  ions  of  opposite  charge,  such  as  we  find 
in  many  of  these  new  fertilizer  salts,  is  an  important  factor  in  securing  the 
maximum  growth  of  crops. 

Manufacture  of  Monoammonium  and  Diammonium 
Orthophosphate 

Both  the  monoammonium  and  the  diammonium  orthophosphates 
have  been  made  for  fertilizer  use.  In  this  country  the  common  procedure 
employed  in  their  manufacture  is  the  extraction  of  phosphoric  acid 
(H3PO4)  from  phosphate  rock,  the  addition  of  ammonia  to  the  phosphoric 
acid  in  correct  amounts  necessary  to  secure  the  desired  phosphate  and  the 
rying  o  the  slurry  in  a  rotary  kiln.  The  pure  monoammonium  phosphate 
carries  61.71  per  cent  of  phosphoric  acid  and  12.1  per  cent  of  nitrogen.  It  is 
s  ightly  acid  in  reaction.  The  pure  diammonium  phosphate  carries  53  35 
per  cent  of  phosphoric  acid,  and  21.07  per  cent  of  nitrogen.  It  is  slightly 


Diammonium  plTosphat^and' PhosPhate-  (Backgn 
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Fig.  38.  Airplane  view  of  an  ammonium-phosphate  plant,  Warners,  N.  J.,  in  New 
York  Harbor.  (Courtesy,  American  Cyanamid  Company.) 


alkaline  in  reaction.  The  diammonium  salt  is  slightly  less  stable  and  more 
soluble  than  the  monoammonium  salt  and  is  more  difficult  to  make,  but  it 
carries  about  twice  the  quantity  of  ammonia  per  unit  of  phosphoric  acid. 
Diammonium  phosphate  has  the  disadvantage  that  it  loses  ammonia  in 
humid  atmospheres.  There  is  at  present  no  domestic  production  of 

diammonium  phosphate  for  fertilizer  use. 

Another  commercial  method  of  preparing  crude  monoammonium 
phosphate  has  been  developed  in  Europe.  It  consists  of  replacing  with 
ammonium  sulfate  about  one-third  of  the  sulfuric  acid  used  in  acidulating 
phosphate  rock.  The  reaction  involved  is  probably  as  follows: 

Ca3(P04)2  +  (NH4)2S04  +  2H2S04  =  3CaS04  +  2NH4H2P04 

Mehring  (1930)  found  that  diammonium  phosphate  did  not  have  a*  good 
a  distributing  property  as  monoammonium  phosphate  at  8  p 
relative  humidity.  At  90  per  cent  relative  humidity  the  d.ammomum 
phosphate  gave  off  ammonia  and  became  a  pasty  mass.  Because  of  its 
unstable  nate  and  its  poor  physical  condition  diammomum  phosph^e 
has  not  been  used  as  extensively  as  a  fertilizer  material  a  has  monoam 
monium  phosphate.  Allison  (1939)  found  ammonium  phosphate  to  be 
quite  resistant  l  leaching.  Triammonium  phosphate  is  very  unstable  and  is 

not  an  article  of  commerce. 


Ammo-Phos 

Ammc-Phos  is  the  trade  name  formerly  used  to  designate^  arer.es^ 
products  made  up  of  commercial  monoammomu^  _  tQ 

alone,  or  in  combination  with  ammonium i  s  sold 

give  various  ratios  of  nitrogen  to  phosphoric  acid.  Iwo  gr 
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extensively  prior  to  World  War  II,  Ammo-Phos  A  and  Ammo-Phos  B. 
Ammo-Phos  A  contains  10.7  to  11.0  per  cent  of  nitrogen  and  48  per  cent 
of  available  phosphoric  acid.  Ammo-Phos  B  contained  16  per  cent  of 
nitrogen  and  20  per  cent  of  available  phosphoric  acid.  Sufficient  quantities 
of  lime  were  sometimes  added  to  overcome  all  acid  residual  effects.  From 
85  to  90  per  cent  of  the  available  phosphoric  acid  of  Ammo-Phos  was 
soluble  in  water,  and  as  a  result  the  phosphoric  acid  of  Ammo-Phos  had 
considerably  greater  mobility  in  the  soil  than  that  of  relatively  less  soluble 
superphosphate. 

Ammo-Phos  was  a  light  gray,  granular  material  which  very  much 
resembled  well  dried  superphosphate.  It  was  packed  for  shipment  in  burlap 
bags  of  good  quality  which  held  200  pounds  net.  The  material  did  not 
readily  absorb  water  from  the  air  and  could  be  kept  indefinitely  without 
reversion. 


Use  of  Ammonium  Phosphates 

The  ammonium  phosphates  should  prove  popular  in  those  sections 
where  it  is  a  common  practice  to  apply  fertilizer  mixtures  in  which  the 
proportion  of  phosphoric  acid  to  nitrogen  is  relatively  high.  Although  the 
crop  response  on  acid  sandy  soils  deficient  in  calcium  has  not  always  been 
satisfactory,  especially  with  dicalcium  phosphate,  on  the  whole,  excellent 
yields  have  been  obtained  from  their  use  on  most  field  crops.  Ammonium 

ph°^M,ate  h?  Pr°Ved  t0  be  an  excellent  top-dressing  for  small  grain. 

Willis  and  Rankin  (1930)  and  Willis  and  Piland  (1931)  concluded  that 
the  poor  results  sometimes  secured  from  the  application  of  ammonium 
phosphates  were  due  to  the  liberation  of  excessive  quantities  of  ammonia 

of  this  r'  e  r°h  K  °  Se^ dlmgs' ln  an  attempt  to  overcome  injurious  effects 
of  this  type  the  manufacturers  of  ammonium  phosphate  in  this  countrv 

d  gypsum  or  lime  with  their  products  which  were  to  be  sold  for  use  on 

certam  soils  and  under  certain  crops.  Calcium  sulfate  is  more  soluble  than 

calcium  carbonate  and  has  proved  to  be  best  for  this  purpose  espedaUv  if  k 

is  not  desirable  to  change  the  pH  of  the  soil  solution.  P  V 

basic elementTthe^havea^  °^mm°nium  PhosPhate  contain  no  mineral 

This  has  been  shown  to  11^7  s  ?  l0"g  USe' 

ically,  diammonium  phosphate  wdlnrod  ^  EVaU'  (l930)'  Theoret- 

.. 

monoammonium  and  diammnni,,  ,  ,  *  cause  the  use  of  both 

soil  acidity  the  best  results  on  ar  T  P  ..°Sphate  results  in  an  increase  of 

results  on  acid  soils  may  not  be  secured  unless  the 
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acidity  of  the  soil  solution  is  adjusted  to  meet  the  demands  of  the  crop 
grown. 

Ammoniated  Superphosphate 

Ammoniated  superphosphate  is  manufactured  as  explained  in  Chapter 
10,  and  is  now  available  to  farmers.  It  usually  contains  3  or  4  per  cent  of 
nitrogen  and  16  per  cent  of  phosphoric  acid.  Some  producers  add  potash 
so  that  the  product  is  often  put  on  the  market  as  a  complete  fertilizer. 

Leunaphos 

Letinaphos  formerly  was  manufactured  at  the  Leuna  nitrogen  fixation 
plant  in  Germany  and  has  been  used  most  extensively  in  Germany.  It  is 
composed  of  diammonium  phosphate  and  ammonium  sulfate,  and  con¬ 
tains  18.5  to  20  per  cent  of  nitrogen  and  49  per  cent  of  available  phosphoric 
acid.  It  has  never  appeared  on  the  American  market. 


Phosphazote 

Phosphazote  is  manufactured  in  Switzerland  and  France.  It  is  a  mixture 
of  urea  and  superphosphate  and  usually  contains  about  7  per  cent  of 
nitrogen  and  15  per  cent  of  phosphoric  acid,  though  the  proportions  o 
nitrogen  and  phosphoric  acid  may  vary  within  wide  limits. 

Phosphazote  is  produced  by  first  extracting  crude  calcium  cyanamide 
with  water  in  a  closed  vessel  and  in  the  presence  of  carbon  dioxide,  and 
then  treating  the-filtered  solution  of  free  cyanam.de  with  sulfuric  ac.d 
The  sulfuric  acid  hydrolyzes  the  free  cyanam.de  to  urea  and  guany  urea. 
The  resulting  urea  sulfuric  acid  is  then  concentrated  under  pressure 
ground  phosphate  rock  is  added.  The  resulting  product  very  much 
resembles  superphosphate.  It  has  an  excellent  mechanical  condition. 


Potazote 

PotazoU  is  a  French  product  consisting  of  a  brownish.yelh,w  mixture 
of  potassium  and  ammonium  chlorides >  nf  ““sh.  It  is  made  by 

the  Soltay  process  of  manufacturing  sodium  bicarbonate. 

Potassium  Nitrate 

proS2  :i 
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in  bat  guano  caves;  and  to  a  limited  extent  is  leached  from  manure  com¬ 
posts  in  India.  In  Germany  potassium  nitrate  is  made  by  treating  muriate 
of  potash  with  nitric  acid  and  adding  ammonia  which  forms  ammonium 
chloride  as  a  co-product. 

The  continued  use  of  potassium  nitrate  may  bring  about  a  defloccula¬ 
tion  of  clay  particles  such  as  that  noted  in  some  soils  following  heavy  and 
continued  applications  of  sodium  nitrate.  It  tends  to  produce  in  acid  soils 
first  a  neutral  and  then  an  alkaline  condition.  This  action  is  similar  to  that 
brought  about  by  the  use  of  calcium  or  sodium  nitrate,  but  is  not  as  great 
as  that  resulting  from  the  use  of  calcium  cyanamide.  Potassium  nitrate 
contains  about  14  per  cent  of  nitrogen  and  44  per  cent  of  potash.  It  is  less 
hygroscopic  than  most  of  the  other  fertilizer  nitrates. 

Potassium  Ammonium  Nitrate 

Potassium  ammonium  nitrate  is  a  double  salt  containing  both  nitrogen 
and  potash,  and  is  formed  by  a  double  reaction  between  potassium  chloride 
and  ammonium  nitrate.  It  contains  about  16  per  cent  of  nitrogen  and  28 
per  cent  of  potash.  About  half  of  the  nitrogen  is  in  the  nitrate  form  and  half 
in  the  ammoniacal  form.  It  is  not  as  hygroscopic,  nor  does  it  possess  the 


(Courtesy,  E.  duU 
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explosive  properties  of  ammonium  nitrate.  It  will  probably  play  an  in¬ 
creasingly  important  part  in  the  manufacture  of  concentrated  fertilizers. 

Potassium  Orthophosphate 

Potassium  orthophosphate  is  prepared  by  heating  potassium  hydrox¬ 
ide  with  monocalcium  phosphate.  It  contains  30  to  50  per  cent  of  potash 
and  32  to  53  per  cent  of  phosphoric  acid.  As  potassium  orthophosphate 
ionizes  more  easily  than  monocalcium  phosphate  its  plant  nutrients  may 
be  slightly  more  available  to  crops. 


Potassium  Metaphosphate 

Potassium  metaphosphate  (KP03)  is  prepared  from  pure  potassium 
chloride  and  phosphoric  acid.  The  product  contains  40  per  cent  potash 
and  60  per  cent  phosphoric  acid.  Vegetative  tests  have  shown  that  both  the 
potash  and  the  phosphoric  acid  are  available  to  crops. 


Sodium  Potassium  Nitrate 

Sodium  potassium  nitrate  is  found  on  the  matket  under  the  name  of 
Nitropo.  It  is  refined  from  the  etude  Chilean  caliche  and  is  a  mixture  o 
sodium  and  potassium  nitrates.  Some  of  the  Chilean  sodium  nitrate  depos¬ 
its  have  a  potassium  nitrate  content  as  high  as  15  pet  cent  and  many 
contain  as  much  as  5  to  7  pet  cent.  Nitropo  contains  20  to  80  per  cent  o 
potassium  nitrate.  It  analyzes  about  15  per  cent  of  nitrogen  pe 

cent  of  potash. 

Nitrophoska 

attention  because  it  is  a  co  p  .  nartial  decomposition 

nary  salt  mixtures  in  that  it  has  been  gtam  -d  a  p«ual  deco  p 

of  some  of  the  salts  has  taken  place  a  e  n^Tmmediately  avail- 

added.  All  the  plant  nutrients  of  ““^^  ^^"“e  been  put  on  the 
ab‘e  form.  Th*  foUowu£  of  nit ^  15_ 

U-26H.  and  10-20-20,  the  p°t^  of  whi*  “ P-Sum 
chloride;  15*-«H-19.  P<fs.h °f  ^  of  which  is  dedved  from 

— -  -half 
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of  the  nitrogen  is  derived  from  urea.  As  most  grades  of  nitrophoska  carry 
ammonium  nitrate,  they  tend  to  absorb  water  when  the  humidity  of  the  air 
is  high,  and  to  lose  water  when  the  humidity  of  the  air  is  low.  This  may 
lead  to  caking  and  to  the  necessity  of  regrinding  the  material  before  it  can 
be  used,  unless  it  is  applied  soon  after  the  bags  are  opened. 

Ammo-Phos-Ko 

Ammo-Phos-Ko  is  a  trade  name  formerly  given  to  a  mixture  containing 
Ammo-Phos  and  potassium  sulfate.  Like  Nitrophoska,  it  was  a  complete 
fertilizer.  It  was  made  by  mixing  monoammonium  phosphate  and  am¬ 
monium  sulfate  with  potassium  sulfate.  The  following  six  analyses  have 
been  available  to  the  American  farmer:  12-24-12;  9-18-18;  10-30-10- 
12-16-12;  12-12-16;  and  13-13-8. 


Miscellaneous  Chemicals  Proposed  for  Fertilizers 

Among  the  miscellaneous  chemicals  that  have  been  suggested  for 
fertilizer  use  are  ammonium  formate,  formamide,  melamine  nitrate  mela¬ 
mine  phosphate,  melamine  sulfate,  guanidine  sulfate,  diguanidine  phos¬ 
phate,  triguanidine  phosphate,  phytin,  and  nucleic  acid. 


Value  of  Double-strength  Mixed  Fertilizers 

The  early  use  of  high-analysis  complete  fertilizers  revealed,  in  many 

sulfur  and  7  “  ^  Caldum’  and 

SU  fur,  and  m  some  cases  m  the  rarer  elements,  iron,  boron,  zinc,  and  con- 

P  .  efiaency  of  calcrum  and  sulfur  may  be  overcome  by  adding  calcium 

sulfate  to  the  mixture.  Quantities  which  will  furnish  as  little  as  50  pounds 

caplcitv  TteadT  “  f  I  7*  .*&Ctive  £Ven  °n  acid  soils  of  low  buffet 

?;:z  izztts  val: to  those 

developments  in  fertilizer  manufacture  such  as  »  1  d  y  that  reCem 

-d  the  production  of  physiologicali;  neutral 

extent  overcome  the  difficulties  that  first  attended  T  r  ?  ^ 

nitrogen  fertilizers  in  the  manufacture  of  hig  " £ *  ** 

Relative  Value  of  Air-derived  Nitrogenous  Fertilizers 

enous  fertilizes  ^fch  hate^nen 'h  ^  'T*  °f the  air‘derived  nitrog- 

Studied  for  various  crops  by  many  of  'hi  ““k"  SOme  ycars  1,av£  been 

P  oy  many  of  the  state  experiment  stations  and  the 
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United  States  Department  of  Agriculture.  The  results  of  such  studies  have 
been  found  to  vary  with  soil,  crop,  season,  and  above  all  with  their  leach¬ 
ing  and  acid-forming  characteristics.  Willis  and  Rankin  (1930)  showed 
that  some  calcium  salt  should  be  used  in  concentrated  fertilizers  if  in¬ 
gredients  decomposable  into  free  ammonia  are  present.  In  fact,  they  con¬ 
cluded  that  if  the  fertilizer  is  to  be  practically  free  of  calcium,  no  source  of 
free  ammonia  should  be  included  in  the  formula.  They  think  it  would  be 
preferable  to  use  gypsum  in  those  mixtures  that  are  to  be  applied  to  acid- 
tolerant  crops  and  limestone  in  those  mixtures  that  are  to  be  applied  to 
lime-loving  crops. 


A  representative  example  of  the  many  tests  that  have  been  made  with 
air-derived  nitrogenous  fertilizers,  as  reported  by  Skinner,  Williams,  and 
Mann  (1929),  is  given  in  Table  26,  which  represents  asummary  of  experi¬ 
ments  conducted  with  cotton  on  nine  soil  types  by  the  United  States 
Department  of  Agriculture,  working  in  cooperation  with  the  North 
aro  ina  Experiment  Station.  Each  nitrogen  salt  that  was  employed  served 
as  the  sole  source  of  nitrogen  in  a  mixture  containing  6  per  cent  of  am¬ 
monia,  8  per  cent  of  phosphoric  acid,  and  4  per  cent  of  potash.  The 
ertihzer  was  applied  at  the  rate  of  800  to  1200  pounds  per  acre.  It  must  be 
recognized,  however,  that  relative  ratings  in  such  experiments  may  be 

withholdLgTm?  SO,‘ managemem  PfaCti«s  esPec‘aHy  by  adding  or 
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Nitrogenous  fertilizers — sometimes  called  ammoniates — may  be  classed 
into  two  groups,  the  organic  and  the  inorganic  or  mineral.  The  organic 
nitrogenous  fertilizers,  with  the  exception  of  urea  and  calcium  cyanamide, 
are  derived  from  animal  and  plant  sources.  The  mineral  forms  are  derived 
from  inorganic  sources.  The  two  synthetic  compounds,  urea  and  calcium 
cyanamide,  are  classed  by  chemists  as  organic  compounds,  but  many 
agronomists  think  that  on  account  of  their  low  cost  per  unit  of  nitrogen 
and  high  solubility  they  should  be  grouped  with  the  inorganic  nitrogenous 
materials.  In  some  states  they  are  classed  as  nonproteid  organics  to  dis¬ 
tinguish  them  from  the  proteid  organics  of  animal  and  plant  origin. 


Forms  of  Nitrogenous  Fertilizers 

The  mineral  nitrogenous  fertilizers  are  readily  soluble  in  water,  whereas 
the  organic  nitrogenous  fertilizers,  with  the  exception  of  urea  and  calcium 
cyanamide,  ate  not.  The  term  form  is  usually  employed  to  indicate  roughly 
the  rate  of  solubility.  Accordingly,  the  terms  organic  form  ini  inorganic  or 
mineral form,  as  applied  to  fertilizers,  catty  a  meaning  as  to  their  solubility. 

Organic  Nitrogenous  Fertilizers  Used  to  a  Less 
Extent  than  Formerly 


In  the  early  days  the  fertilizer  industry  was  looked  upon  as  a  scavenger 
industry  which  gathered  together  waste  materials  having  some  fertilizing 
value  and  compounded  them  into  mixtures  suitable  for  the  farmer  s  use. 
At  tot,  such  materials  as  guano,  dried  blood  and  slaughterhoture  tankage^ 
were  the  main  sources  of  organic  nitrogen.  As  the  industry  ^nded^ 
meals  garbage  tankage,  synthetic  organic  ammoniates,  and  processe 
tankageswere  added.  The  inorganic  sources  of  nitrogen  were  relatively 
unimportant  until  about  1900,  and  the  consumption  of  inorganic  sources 
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of  nitrogen  did  not  forge  ahead  of  the  organic  sources  until  the  second 
decade  of  the  present  century. 

In  recent  years  an  increasing  proportion  of  the  organic  nitrogenous 
materials  formerly  used  for  fertilizers  have  been  going  into  feed  channels  at 
a  better  price  than  they  can  command  on  the  fertilizer  market.  Most  of  the 
nitrogen  entering  mixed  fertilizers  at  the  present  time  is  derived  from 
inorganic  sources,  although  some  organic  ammoniates  are  nearly  always 
included.  According  to  Brand  of  the  National  Fertilizer  Association,  in 
1913,  42  per  cent  of  the  nitrogen  in  mixed  commercial  fertilizers  came  from 
organic  sources,  whereas  by  1926  the  percentage  had  dropped  to  22,  and  at 
present  it  is  less  than  15. 

Although  modern  fertilizers  are  of  little  or  no  value  as  sources  of 
organic  matter  it  is  not  at  all  improbable  that  the  fertilizer  industry  will, 
at  some  future  date,  attempt  to  supply  the  farmer  with  organic  manures. 


Chemical  Methods  for  Determining  Quality  of  Organic 
Nitrogenous  Fertilizers 

Fertilizer  chemists  subject  the  organic  nitrogenous  fertilizers  to  tests 
of  quality  by  the  use  of  neutral  or  alkaline  permanganate  solutions. 
These  tests  have  been  accepted  as  satisfactory  tests  of  the  activity  of  water- 
insoluble  nitrogen  and  have  been  adopted  as  official  methods  by  the 
American  Association  of  Official  Agricultural  Chemists.  The  methods  are 
empirical  but  serve  to  differentiate  between  the  good  and  the  poor 
organics.  Briefly,  the  methods  consist  of  digesting  the  water-insoluble 
residue  of  a  sample  of  fertilizer  in  neutral  or  alkaline  permanganate  solu¬ 
tion  under  standard  conditions,  and  then  determining  the  percentage  of 
nitrogen  that  has  gone  into  solution.  The  characteristics  of  the  organic 
lem hzer  determine  somewhat  the  choice  of  the  use  of  the  neutral  or 
a  kaline  solution.  In  the  New  England  states  both  of  these  methods  are 
used  whereas  in  most  of  the  southern  states  only  the  neutral  method  is 
p  oyed.  The  alkaline  permanganate  method,  in  most  cases,  with  the 
exception  of  the  organic  vegetable  ammoniates,  gives  watet-insoluble 

securfdnbvCtlV't'eS  COrreSP°nd  ClOSdy  With  availabilities 

secured  by  vegetation  pot  experiments.  ' 

In  applying  the  two  laboratory  methods  in  the  study  of  the  qualitv  of 
insoluble  nitrogen  in  fertilizers,  an  activity  of  50  pet  cent  by  the  dk  Le 
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Table  27 

Carbon-nitrogen  Ratios  and  Nitrogen  Availability  Ratings  of  Various  Washed 

Organic  Materials 


Material 

C-N 

Ratio 

Permanganate 

Activities 

Vegetative 
Test  {Sudan 
Grass) 

Nitrification 

Test 

Alkaline 

Method 

Neutral 

Method 

Added 
Nitrogen 
Recovered 
in  Tops 
and  Roots 

Added 
Nitrogen 
Converted 
to  Nitrate 
(20  days) 

( per  cent) 

( per  cent) 

Seed  Meals: 

Soybean  meal . 

4. 

70 

70. 

1 

92. 

2 

590 

58 

Cottonseed  meal. . 

5. 

40 

66. 

9 

82. 

7 

536 

50 

Special  soybean  meal . 

7. 

05 

49- 

6 

73. 

9 

43.9 

50 

Castor  pomace . 

9 

36 

63. 

0 

87. 

9 

51.7 

55 

Cocoa  meal . 

14 

7 

28. 

8 

37 

1 

-  1 

Ground  cocoa  cake . 

19 

0 

33 

2 

51 

5 

-25.2 

-14 

Plant  materials: 

Alfalfa  hay . 

20 

8 

28 

4 

68 

9 

0.8 

4 

Tobacco  stems . 

28 

9 

19 

8- 

65 

4 

-25.3 

-14 

Peanut  hull  meal . 

53 

5 

25 

9 

42 

6 

-  2.6 

-  1 

Wheat  straw . 

197 

0 

-16 

Process  tankages: 

24.1 

24 

Hynite . 

4 

87 

73 

2 

80 

9 

Processed  tankage . 

5 

17 

69 

8 

81 

6 

14.7 

21 

Agrinite . 

5 

.24 

68 

.6 

78 

8 

13.2 

18 

Smirow' . 

6 

30 

64 

2 

71 

8 

12.9 

13 

Animal  products: 

50.1 

57 

Hoof  meal . 

3 

.31 

77 

1 

93 

2 

Bone  meal . 

3 

.46 

81 

9 

39 

.9 

8.8 

6 

Dried  blood . 

3 

.51 

81 

.1 

87 

.9 

56.3* 

51 

Dry  fish  scrap . 

4 

.42 

72 

.8 

86 

.0 

50.1 

51 

Animal  tankage . 

5 

.25 

67 

.1 

70 

.7 

297 

Acid  fish  scrap . ,  •  •  •  • 

5 

.28 

68 

.0 

87 

.9 

22.0 

Manures: 

Peruvian  guano.*. . 

Bovung .  ■  • 

Horse  manure . 

Chicken  manure . 

1.28 

24.4 
32.7 

36.4 

41 

27 

28 

38 

.3 

.9 

.8 

.8 

96.7 

47.1 

51.6 

599 

67.8 
—  15.6 

67 

-10 

-19 

-19 

Source  of  Dried  Blood 
Table  21 — ( Continued ) 
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Permanganate 

Activities 

Vegetative 
Test  ( Sudan 
Grass ) 

Nitrification 

Test 

Material 

C-N 

Ratio 

Alkaline 

Method 

Neutral 

Method 

Added 
Nitrogen 
Recovered 
in  Tops 
and  Roots 

Added 
Nitrogen 
Converted 
to  Nitrate 
(20  days ) 

( per  cent ) 

( per  cent ) 

Sewage  products: 

Milorganite . 

5. 98 

63.4 

75.2 

50.5 

44 

Nitroganic  tankage . 

6.20 

65.1 

83.7 

37.2 

41 

Sewage  sludge . 

13.7 

51.1 

65.4 

8.4 

8 

Plastics: 

Beetle  molded  scrap . 

1.83 

48.0 

21.2 

-  2.4 

1 

Beetle  scrap  dust . 

2.35 

67.5 

79.7 

37.2 

20 

Ford  molded  scrap  (un¬ 
washed)  . 

-  5 

Ford  molding  powder  (un¬ 
washed)  . 

.  . 

-  3 

Miscellaneous: 

Cocoa  tankage.  .  . 

13.3 

30.4 

53.8 

-  6.9 

—  7 

Garbage  tankage. . 

13.4 

30.6 

51 .  1 

—  10  0 

o 

Manito  humus  . . 

13.7 

44.4 

40.9 

-  5.3 

3 

Standard  material: 

Urea . 

- 

87.9 

*  Added  nitrogen  recovered  from  Sudan  grass  fertilized  with  unwashed  dried  blood  was  5.40  per  cent. 


either  method  above  may  result  in  the  condemnation  of  good  materials, 
it  is  thought  by  some  chemists  that  both  methods  should  be  used  before  a 
given  material  is  classed  as  inferior. 


Rubins  and  Bear  (1942)  at  the  New  jersey  Experiment  Station  have 
determ, ned  the  carbon-nitrogen  ratio  and  the  nitrogen  availability  of  about 
30  proteid  organics.  Their  results  are  given  in  Table  27. 


Source  of  Dried  Blood 

When  animals  are  slaughtered  at  the  abattoirs  the  blood  is  led  awa 

pounds  oTdriedTr  a  “  Careful'y  and  «round'  About  20  ™  2' 

P  dned  blood  ,s  secured  from  every  100  pounds  of  the  liqui. 
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blood.  The  liquid  blood  is  dried  by  raising  its  temperature  by  means  of 
steam  or  hot  air.  During  this  process  the  liquid  is  agitated  vigorously. 
With  the  increase  in  temperature  the  blood  first  becomes  coagulated  and 
then  the  water  is  driven  off.  Two  kinds  of  dried  blood  are  manufactured — 
red  and  black.  The  difference  in  color  is  duje  to  the  method  of  heating 
employed.  The  black  blood  has  been  dried  in  "dried  heat”  driers,  while  the 
red  blood  has  been  dried  in  "jacketed  steam”  driers.  Subjecting  blood  to 
the  high  temperatures  of  the  dried  heat  driers  results  in  a  partial  loss  of 
nitrogen  and  in  the  product  becoming  somewhat  carbonized. 

The  greater  part  of  the  dried  blood  that  is  produced  in  this  country  is 
used  as  a  stock  feed.  Only  those  portions  that  are  less  desirable  for  use  as 
feed  are  marketed  for  fertilizer.  In  this  country  the  demand  for  dried  blood, 
both  as  a  feed  and  as  a  fertilizer,  is  so  great  that  we  are  now  importing  a 
large  part  of  our  requirement  from  the  Argentine,  Uruguay,  and  Canada. 


Characteristics  of  Dried  Blood 


Dried  blood  has  a  characteristic  odor  and  is  dark  red  to  black  in  color. 
Like  all  colloids,  it  will  absorb  water  from  the  atmosphere,  but  dried  blood 
does  not  absorb  excessive  amounts  of  water,  and  under  trade  conditions  is 
a  commercially  stable  compound. 

The  nitrogen  content  of  dried  blood  varies  from  about  8  to  14  per 
cent,  depending  largely  upon  its  method  of  manufacture.  Besides  carrying 
a  high  percentage  of  nitrogen,  the  better  grades  of  dried  blood  carry  .3 
to  1.5  per  cent  of  phosphoric  acid  and  from  .5  to  .8  per  cent  of  potash. 
The  phosphoric  acid  and  the  potash  content  of  dried  blood  are  rarely  con¬ 
sidered  when  calculating  the  amounts  of  fertilizer  ingredients  to  be  incor¬ 


porated  in  home  mixtures. 

Foreign  materials  such  as  tankage,  bone,  and  even  pulverized  roasted 
leather  have  been  found  occasionally  in  dried  blood.  The  detection  of  these 
products  by  casual  examination  is  very  difficult.  A  chemical  analysis  shou 
detect  the  presence  of  bone,  and  nitrogen  activity  tests  may  show  the 
presence  of  low-grade  materials.  If  bone  is  present  the  phosphoric  acid 
content  of  the  blood  will  be  high.  In  general  most  laboratory  and  fie 
tests  which  have  been  made  by  the  American  experiment  stations  have 
shown  that  the  availability  of  dried  blood  is  higher  than  that  of  any  other 
organic  nitrogenous  fertilizer  with  the  possible  exception  of  Peruvian 
guano.  Although  the  nitrogen-availability  of  blood  ,s  high,  it  is i  not  as  ,g 
fs  that  of  such  inorganic  nitrogenous  compounds  as  sodium  mtrate 
ammonium  sulfate.  Dried  blood  is  generally  given  a  rating  of  80,  is, 


Characteristics  of  Bone  Tankage 
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a  unit  of  nitrogen  in  dried  blood  is  accepted  as  being  80  per  cent  as  efficient 
in  its  crop-producing  power  under  average  conditions  as  a  unit  of  nitrogen 
in  sodium  nitrate. 


Source  of  Meat  Meal  and  Tankage 

At  the  larger  slaughterhouses  of  the  country  many  animals  are  rejected 
for  human  consumption  because  of  a  disordered  condition.  These  animals, 
as  well  as  large  quantities  of  waste  from  the  carcasses  of  other  animals, 
are  used  as  a  source  of  meat  meal  and  tankage.  These  materials  are  placed 
in  steel  tanks  and  subjected  to  steam  pressure  of  50  to  60  pounds  for  a 
few  hours.  They  are  then  ground  and  put  on  the  market  under  the  names 
"meat  meal,”  "tankage,”  or  "bone  tankage.”  The  cooking  or  rendering 
process  puts  the  bones  in  a  condition  in  which  they  can  be  ground  easily, 
and  at  the  same  time  it  causes  the  fats  to  separate  from  the  meat  so  that 
they  can  be  removed  readily.  The  process  of  cooking  under  live  steam 
pressure  and  subsequent  drying  under  high  heat  completely  sterilizes  the 
tankage  and  precludes  any  possibility  of  infection  from  any  disease 
organisms  that  might  have  been  in  the  slaughtered  animals.  Not  over  10 
per  cent  of  the  material  that  goes  into  meat  meal  and  tankage  is  derived 
from  condemned  animals.  The  greater  part  is  derived  from  the  offal  of 
edible  carcasses  that  have  been  inspected  and  passed"  by  government 
inspectors.  Tankage  that  is  derived  largely  from  meat  is  designated  as 
meat  meal,  and  the  tankage  that  contains  a  high  percentage  of  bone  is 
designated  as  bone  tankage.  More  than  95  per  cent  of  all  animal  tankage 
that  is  produced  at  the  packing  plants  of  this  country  is  consumed  as 
animal  feed.  Such  meat  meals  as  are  sold  for  fertilizer  are  now  being  sold 
largely  under  the  name  of  tankage. 

Characteristics  of  Meat  Meal 

Meat  meal  carries  9  to  11  per  cent  of  nitrogen  and  .1  to  3.5  per  cent  of 
p  osphonc  acid.  It  ranks  among  the  high-grade  organic  materials,  its 
availability  being  but  little  below  that  of  dried  blood.  The  amount  of 

p  losphonc  acid  present  depends  upon  the  amount  of  bone  that  has  been 
allowed  to  remain  with  the  meat. 


Characteristics  of  Bone  Tankage 

Bene  tankage  varies  greatly  in  its  chemical  composition.  It  may  con- 
tarn  from  3  to  10  per  cent  of  nitrogen  and  from  7  to  20  per  cent  o/phos 
Phone  acd.  The  ,ower  grades  in  particular  may  contain  high  percentages tf 
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phosphoric  acid.  Material  that  contains  over  6  per  cent  of  nitrogen  is  not 
called  bone  tankage  by  the  trade,  but  generally  is  designated  as  "blood  and 
bone  or  low-grade  tankage.’’ The  only  bone  tankage  now  being  used  in 
the  manufacture  of  mixed  fertilizers  is  Tenderer  s  tankage  and  an  occasional 
lot  of  packer's  tankage  which  is  not  fit  for  use  as  stock  feed.  The  nitrogen  in 
bone  tankage  has  about  the  same  availability  as  the  nitrogen  in  meat  meal, 
and  the  phosphoric  acid  has  about  the  same  availability  as  that  found  in 
steamed  ground  bone. 

Process  Tankage 

At  the  present  time  there  are  found  on  the  market  under  trade  names 
many  process  tankages,  the  exact  sources  of  which  are  not  made  public. 
These  products  are  made  from  crude,  inert,  nitrogenous  materials  of 


Table  28 

Relative  Availability  of  Some  Common  Organic  Fertilizers 


Average  Relative 
Nitrogen  Availability 
Dried  Blood  at  80 

Comparative  Nitrogen 
Activity  by  the 
Chemical  Methods 

Source  of  Nitrogen 

1 

Basis:  Dry 
Matter 
Yield 

Basis: 

Nitrogen 

Recovered 

Alkaline 

Perman¬ 

ganate 

Method 

Neutral 

Perman¬ 

ganate 

Method 

80 . 00 

80.00 

79 .34 

97.88 

79.88 

73.26 

75.34 

73.88 

27.28 

29.05 

40.92 

64!  03 

74.95 

69.47 

82.85 

89.66 

61.56 

55.57 

62.64 

86.38 

Process  tankage  "Smirow 

69  ■  66 
47.44 

63.15 

46.73 

78.20 

39.92 

90.11 

69.54 

VJdlUtlgc  idinvagv . 

57.39 

51.78 

75.39 

86.72 

72.16 

68.20 

84.35 

78.78 

66.32 

63.15 

67.59 

83.99 

64.06 

64.41 

60.11 

9159 

70.09 

68.20 

77.11 

97.03 

65.61 

59-36 

75.89 

83.49 

63.04 

59  36 

78.87 

89. 57 

63.87 

59.36 

18.15 

87.52 

68.81 

45.56 

46.73 

58.78 

83.57 

87.15 

62.59 

98.11 

90.96 

96.85 

62.87 

59-36 

71.48 

uariing  o  uums'- 

71.46 

65.68 

78.66 

Source  of  Hair  and  Wool  Waste 
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animal  source  by  processing  under  steam  pressure,  with  or  without  the 
use  of  acids,  for  the  purpose  of  increasing  the  activity  of  the  nitrogen. 
Their  production  was  first  started  in  1910.  The  availability  of  processed 
tankage  as  compared  with  dried  blood  is  usually  rather  high.  Vegetation 
and  laboratory  tests  of  some  of  these  tankages,  as  compared  with  similar 
tests  with  other  common  organic  materials,  as  determined  by  Haskins  and 
his  co-workers  (1929)  are  given  in  the  accompanying  table.  The  table 
shows  the  relative  yield  of  dry  matter  secured  when  various  organic 
ammoniates  were  applied  as  fertilizers  in  equivalent  amounts  of  nitrogen, 
and  the  nitrogen  recovered  in  the  above-ground  parts  of  Japanese  millet, 
and  also  the  activity  of  the  nitrogen  in  each  product  as  determined  by  the 
two  permanganate  tests. 

Source  and  Characteristics  of  Ground  Leather 

Scrap  leather  from  the  manufacture  of  shoes  and  leather  goods  is 
usually  processed;  that  is,  ground  and  roasted  or  steamed,  and  sometimes 
treated  with  a  little  sulfuric  acid,  before  it  is  put  on  the  fertilizer  market. 
It  is  used  chiefly  in  the  manufacture  of  mixed  fertilizers  and  is  in  reality  a 
processed  tankage  of  good  quality. 

The  steamed  and  roasted  ground  leather  may  vary  in  composition 
from  6  to  11  per  cent  of  nitrogen  and  from  .5  to  1.0  per  cent  of  phosphoric 
acid.  The  availability  of  the  steamed  leather  is  slightly  superior  to  that  of 
the  roasted  leather. 


Sources  of  Hoof  and  Horn  Meal 

Hoof  and  horn  meals  are  also  by-products  of  the  slaughterhouses  and 
result  from  the  processing,  drying,  and  grinding  of  hoofs  and  horns. 
The  processed  meal  is  a  very  high-grade  nitrogen  source.  Its  nitrogen 
content  may  be  as  high  as  15  per  cent  or  more.  Haskins  (1929)  after 

three  years  of  testing  this  material  at  the  Massachusetts  Experiment 
Station,  reported  it  to  be  of  good  quality. 

Source  of  Hair  and  Wool  Waste 

Hair  and  wool  waste,  as  well  as  leather  scrap,  may  often  be  secured 
by  farmers  who  live  near  towns  where  these  products  occur  as  wlsre  lVom 
manu  actunng  plants.  Usually  they  can  be  secured  at  a  low  cost  per  ton 

iocd  ^ 

W°°l Waste  varies  Tt-  “  especially  true  of  often 
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contains  considerable  cotton  waste.  The  nitrogen  content  of  wool  waste 
may  range  from  2  to  8  per  cent  and  the  potash  content  from  .25  to  5.50  per 
cent.  Hair  also  shows  a  wide  range  in  composition  owing  to  the  presence  of 
foreign  materials  and  to  a  variable  water  content.  While  these  materials 
may  be  used  satisfactorily  in  building  up  the  fertility  of  the  soil,  they 
should  not  be  used  with  the  idea  of  securing  immediate  returns  from  the 
investment.  When  hair  and  wool  waste  are  used  in  the  manufacture  of 
complete  fertilizers,  they  must  be  processed  or  treated  with  sulfuric  acid. 
The  processed  material  furnishes  organic  nitrogen  of  high  availability. 

Sources  of  Guano 

Guano  is  made  up  of  the  excrement  of  seafowls,  and  sometimes  of 
turtles  and  seals;  together  with  the  remains  of  the  bodies  of  dead  birds, 
such  as  bones  and  feathers;  and  other  foreign  material,  such  as  sand  and 
gravel.  It  was  one  of  the  first  commercial  fertilizer  materials  with  which 
the  American  farmer  became  acquainted  and  to  this  day  in  many  sections 
of  the  South  the  word  guano  is  used  synonymously  with  the  wotd  fertilizer. 
The  word  guano  is  derived  from  a  Spanish  word  meaning  dung.  The  sea- 


41  Guanay  on  neat.  This  bird  is  called  by  Murphy.  'The  most  valuable  bird  in 
L  world.”  (Courtesy,  Nitrate  Agencies  Company.) 


Sources  of  Guano 
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fowls  that  take  the  lead  as  guano  producers  are  cormorants,  pelicans  and 
gannets.  It  has  been  estimated  by  Murphy  (1925)  that  a  square  mile  of 
occupied  territory  on  some  of  the  Peruvian  Islands  supports  as  many  as 
5,600,000  birds.  A  thousand  or  more  tons  of  fish  per  day  would  be  required 
to  sustain  such  a  colony. 

Deposits  of  guano  are  found  in  many  parts  of  the  world  but  mainly  on 
islands,  although  a  few  deposits  are  located  on  the  coast  of  mainlands.  The 
deposits  of  greatest  economic  importance  are  located  on  the  islands  of  the 
Pacific  Ocean  off  the  coast  of  Peru.  It  is  said  that  the  natives  of  Peru  have 
long  been  acquainted  with  the  fertilizing  value  of  guano.  Deposits  of 
guano  may  be  newly  formed  or  they  may  be  very  old.  They  vary  from  a  few 
inches  to  over  200  feet  in  thickness.  In  places  they  are  covered  with  sand  to 
a  considerable  depth  and  on  some  islands,  and  in  humid  parts  of  others, 
fermentation  has  taken  place  and  their  physical  and  chemical  compositions 
have  been  altered  considerably.  Because  of  the  dry  climates  of  other  locali¬ 
ties  very  little  fermentation  of  the  guano  has  taken  place. 

Guano  has  been  used  in  Europe  since  the  twelfth  century,  but  the  first 
exportation  from  Peru  to  European  ports  did  not  take  place  until  1810, 
and  a  second  shipment  was  not  made  until  1840.  The  first  importation  of 
Peruvian  guano  into  the  United  States  is  said  to  have  been  made  by  a  Mr. 
Skinner  of  Baltimore,  who  received  two  barrels  in  the  year  1824.  Importa¬ 
tions  slowly  increased  from  1832  until  they  reached  a  maximum  of  50,000 
tons  in  1856.  As  the  deposits  became  depleted,  the  annual  importations 
declined  until  during  the  World  War  I  period  no  importations  were  made 
into  this  country.  At  one  time  guano  was  Peru’s  principal  export  staple, 

but  today  the  product  has  dwindled  to  negligible  significance  as  an  item  of 
her  international  trade. 

In  recent  years  the  Peruvian  government  has  made  efforts  to  protect  the 
colonies  of  seafowls  and  to  exploit  the  fresh  deposits  of  guano  as  a  gov- 
ernment  monopoly  in  such  a  manner  that  a  continuous  supply  of  this 
valuable  material  will  always  be  available.  The  Peruvian  islands  ate  now 
worked  in  rotation  so  that  it  is  two  to  four  years  before  guano  is  again 

aterem  on”  ei  TT  femovin8  the  deP™«  men  and  boys 

sent  on  the  islands  with  baskets  to  pick  up  all  the  loose  stones  and 

trash.  As  a  result  of  this  procedure  the  guano  that  is  now  being  exported  is 
m  a  reasonably  good  condition  and  is  a  much  better  nrnd  P,  ,  S 
early  shipments.  The  bulk  of  the  guano  i  produc  d  bv 
monopoly  and  is  sold  to  the  Peruvian  farmers  a  Cost  STT* 
the  profit  made  on  export  shipments.  Only  15,000  tons  of  gulowere 
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imported  into  the  United  States  in  1938  and  5,000  tons  in  1939  when 
importations  practically  ceased. 

Characteristics  of  Guano 

Guano  may  vary  in  color  from  a  gray  to  a  dark  brown.  The  physical 
characteristics  vary  with  the  age  and  the  nature  of  the  deposit,  as  well  as 
with  the  amount  of  foreign  material  present.  Guano  also  varies  greatly 
in  chemical  composition,  depending  largely  upon  the  origin  of  the  ma¬ 
terial,  the  climatic  conditions  of  the  locality  in  which  it  originated,  and 
the  handling  it  has  received.  It  has  a  marked  odor  which  results  from  a 
combination  of  ammonia  and  other  volatile  organic  compounds.  As 
stated  before,  the  food  of  seafowl  is  made  up  very  largely  of  fish,  so  that 
guano  may  contain  a  high  percentage  of  nitrogen.  Some  agronomists 
regard  guano  as  a  fish  fertilizer. 

The  principal  nitrogenous  compound  in  the  excrement  of  birds  is  uric 
acid.  Little  uric  acid  is  found  in  guano  for  since  it  was  voided  the  uric 


Frr,  4?  A  well  crowded  bird  island.  These  are  guanays  {cormorants),  the  best 
,d  mosc  proufic  ofThe  guano-producing  birds.  (Courtesy,  N.rrare  Agenc.es 

unnpany.) 
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acid  has  been  changed  largely  into  ammonium  carbonate,  although  some 
ammonium  sulfate  and  ammonium  phosphate  may  be  produced.  Much  of 
the  nitrogen  in  guano  is  immediately  available  to  plants  upon  incorpora¬ 
tion  with  the  soil  and  the  rest  soon  becomes  so.  In  guanos  that  have  lost 
most  of  their  nitrogen  by  fermentation  the  phosphoric  acid  content  is  very 
high,  so  much  so  that  they  are  often  referred  to  as phosphatic guanos  and  may 
be  used  in  the  manufacture  of  superphosphate.  These  guanos  contain  20  to 
25  per  cent  of  phosphoric  acid  and  4  to  6  per  cent  of  nitrogen.  The  phos¬ 
phoric  acid  is  found  in  the  form  of  calcium,  potassium,  or  ammonium 
phosphates.  On  the  other  hand,  guanos  that  contain  a  high  percentage  of 
nitrogen  may  be  referred  to  as  nitrogenous  guanos.  The  Peruvian  guanos  now 
found  on  the  market  belong  entirely  to  this  class.  They  contain  11  to  16 
per  cent  of  nitrogen  and  8  to  12  per  cent  of  phosphoric  acid,  and  2  to  3 
per  cent  of  potash. 

While  the  color  and  odor  of  guano  are  characteristic,  these  cannot  be 
taken  as  infallible  guides  to  the  value  of  the  product.  A  chemical  analysis 
is  the  only  sure  guide  to  its  value.  The  product  is  easily  adulterated  and  in 
former  years  this  was  often  done.  Sawdust,  lime,  salt,  gypsum,  and  other 
substances  were  commonly  added.  Adulteration  with  earthy  materials  may 
generally  be  detected  by  burning  a  little  of  the  guano  and  noting  the  char¬ 
acteristics  of  the  ash.  The  ash  of  unadulterated  guano  is  white  and  shows 
no  signs  of  red  oxide  of  iron. 

Guano  has  but  little  effect  upon  the  physical  condition  of  the  soil 

although  many  farmers  hold  the  opinion  that  it  has.  Fresh  guano  has  a 

lgher  fertilizing  value  than  the  droppings  of  domestic  fowls.  This  is  due 

largely  to  the  differences  in  the  nature  of  the  food  consumed  by  seafowl 
and  poultry.  1 

•Dissolved  and  Rectified  Guano 

furiflcifm ' """I  *  name  giVen  “  gUa"°  t0  Which  has  been  added  sul- 
furic  acid.  When  this  treatment  is  made  the  ammonium  carbonate  of  the 

guano  ,s  quickly  converted  into  ammonium  sulfate,  and  the  insoluble 

phosp  ates  ate  converted  into  soluble  ones.  The  phosphatic  guanostten 

mcaTciumiPTf?tlSeh0f  Ph°Sph°rUS  m  the  reVerted  *"d 

-  pt:;^  sees  2£%  sr  r  ■*  supe7 » 

suggested  rlipcf*  ^  tilizers,  as  some  users  have 

i  0trd  bky  ~  ^ 

time.  •  on  r  ie  market  at  the  present 
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Rectified  guano  is  a  name  given  to  guano  to  which  any  or  all  of  the  three 
plant  nutrients — nitrogen,  phosphoric  acid,  or  potash— has  been  added 
for  the  purpose  of  making  the  material  a  more  balanced  fertilizer.  This 
guano  is  also  sometimes  referred  to  as  fortified  guano.  It  is  superior  to  low- 
grade  guano,  but  often  the  material  has  been  sold  at  prices  above  that 
which  the  cost  of  the  added  ingredients  warrants.  Peruvian  guano  now  on 
the  market  is  of  such  high  quality  that  it  is  never  rectified. 

Sources  of  Bat  Guano 

Small  deposits  of  bat  guano  are  found  in  many  parts  of  the  world. 
It  accumulates  in  caves,  church  steeples  and  similar  places  where  bats 
congregate.  Deposits  amounting  to  a  few  thousand  tons  have  been  found 
in  Missouri  and  the  southwestern  part  of  the  United  States.  The  Missouri 
deposits  have  been  estimated  to  contain  approximately  16,000  tons.  Dur¬ 
ing  the  War  of  1812  bat  guano  of  the  Wyandotte  Cave  in  Indiana  was  an 
important  source  of  the  saltpeter  that  was  used  in  the  manufacture  of 
gunpowder. 

% 

Characteristics  of  Bat  Guano 

Bat  guano  usually  occurs  as  a  dry  and  odorous  material.  As  the  bats 
live  upon  insects,  and  as  they  do  not  digest  insect  wings,  the  excrement 
presents  a  glistening  appearance  owing  to  the  presence  of  the  insect  wings. 
Bat  guano  is  dark  brown  in  color  when  dry  and  black  when  wet.  The  nitro¬ 
gen  content  of  bat  guano  may  vary  from  2  to  12  per  cent  and  the  phos¬ 
phoric  acid  from  1  to  14  per  cent.  The  analyses  of  10  samples  of  bat  guano 
analyzed  by  Vinson  (1915)  showed  a  variation  of  nitrogen  ranging  from  2 
to  14  per  cent  and  of  phosphoric  acid  from  1  to  6  per  cent.  Considerable 
quantities  of  earthy  material  may  be  present  which  may  alter  the  composi¬ 
tion.  Bat  guano  originating  under  dry  conditions  also  varies  widely  in 
composition  from  the  guano  originating  under  humid  conditions.  Bat 
guano  is  generally  considered  inferior  to  Peruvian  guano  in  its  crop- 
producing  power. 

Sources  of  Seal  Guano 

Seal  guano  consists  of  a  mixture  of  the  excrement  of  seals  together 
with  the  remains  of  the  carcasses  of  dead  animals.  Beds  of  seal  guano,  230 
feet  thick  in  many  places,  have  been  found  in  the  Lobos  Isles  off  the  west 
coast  of  South  America.  Other  deposits  have  been  found  on  the  Isle  of 
Gortuga.  As  these  islands  are  still  the  habitat  of  seals  the  material  is 
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accumulating  continuously.  These  deposits  have  been  exploited  to  some 
extent  and  the  guano  has  been  shipped  largely  to  Europe.  Seal  guano  is 
considered  somewhat  inferior  to  the  better  grades  of  the  Peruvian  bird 
guano. 

$ 

Pulverized  Manures 

Pulverized  sheep,  goat,  cattle  and  poultry  manures  are  now  found  on 
the  market  in  rather  large  quantities.  The  sheep,  goat,  and  cattle  manures 
analyze  about  1  to  2  per  cent  of  nitrogen,  1  to  2  per  cent  of  phosphoric 
acid,  and  2  to  3  per  cent  of  potash;  while  poultry  manures  analyze  5  to  6 
per  cent  of  nitrogen,  2  to  3  per  cent  of  phosphoric  acid,  and  1  to  2  per  cent 
of  potash. 


Sources  of  Fish  Fertilizers 

The  use  of  fish  as  a  fertilizer  dates  back  some  centuries.  It  has  been  said 
that  when  the  white  man  came  to  America  he  found  the  American  Indian 
following  the  practice  of  fertilizing  his  corn  by  placing  a  fish  in  each  hill. 


s  ks  sans  » ■”  ” 
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Potash  Institute.)  u  ura  experiment  Station  and  Ameri< 


126 


Sources  and  Uses  of  Organic  Nitrogenous  Fertilizers 


The  manufacture  of  fish  fertilizers  was  first  undertaken  in  Norway  and  that 
nation  leads  all  others  in  its  manufacture  at  the  present  time. 

Formerly,  fish  fertilizers  were  often  referred  to  incorrectly  as  fish 
guano.  They  consist  either  of  the  ground,  whole  and  largely  nonedible 
fish,  or  the  remains  of  edible  fish  that  have  been  used  for  other  commercial 
purposes.  Often  the  oil,  as  is  the  case  with  the  menhaden,  is  removed 
before  the  refuse  is  ground  and  marketed.  The  principal  fish  that  are  used 
for  fertilizers  are  the  cod  and  herring  (menhaden),  but  such  miscellaneous 
aquarian  fauna  as  whale,  shrimp,  crab,  and  starfish,  are  sometimes  used. 
Menhaden  fisheries  are  found  along  the  South  Atlantic  and  Gull  coasts, 
but  the  largest  operations  are  conducted  along  the  North  Carolina  coast. 
Occasionally  farmers  who  live  near  the  coast  can  procure  fish  scrap  from 
the  fishermen,  and  in  some  cases  whole  fish  at  a  cost  that  will  justify  buy¬ 
ing  the  material  for  incorporation  in  the  soil.  Such  material  contains  30  to 
80  per  cent  of  water,  2  to  8  per  cent  of  nitrogen  and  2  to  6  per  cent  of 
phosphoric  acid.  Although  the  material  decays  rapidly,  yet  because  of  its 
physical  condition  the  immediate  efficiency  is  relatively  low. 

Whale  guano  consists  of  the  dried  ground  flesh  of  whales  and  contains 
8  to  10  per  cent  of  nitrogen  and  10  to  12  per  cent  of  phosphoric  acid. 

'  A  two-year  test  of  whale  guano  by  Haskins  (1929),  of  the  Massachusetts 


Cows  in  modern  dairy  barn  heavily  bedded I  down  to  conserve  an 
manure  (Courtesy,  Deere  and  Co.; 


Acidulated  Pish 


127 


Experiment  Station,  has  shown  that  in  its  crop-producing  value  it  com¬ 
pares  favorably  with  fish  or  animal  tankage. 

Along  the  Atlantic  coast  king  crab  is  used  as  a  fertilizer  to  a  considera¬ 
ble  extent.  In  its  fresh  or  green  state  it  may  be  applied  directly  to  the  land 
or  composted  and  then  applied.  In  its  fresh  state  it  contains. 2  to  3  per  cent 
of  nitrogen.  It  decays  readily  and  is  considered  of  high  availability.  Some¬ 
times  king  crab  is  dried  and  ground  to  be  used  in  the  manufacture  of 
mixed  fertilizers.  This  product  contains  about  9  to  12  per  cent  of  nitrogen. 

Formerly  nearly  all  fish  scrap  went  into  mixed  fertilizers,  but  much  of  it 
now  finds  a  market  as  a  hog  and  poultry  feed,  and  only  that  portion  that 
cannot  be  placed  in  the  higher-priced  market,  or  that  portion  that  must  be 
acidulated  at  the  factories,  goes  into  fertilizer  mixtures. 


Characteristics  of  Fish  Fertilizers 

All  fish  fertilizers  have  a  strong  fish  odor.  So  pronounced  is  this  odor 
that  some  farmers  have  erroneously  thought  it  to  be  of  value  in  driving 
away  injurious  crop  insects.  Fish  fertilizers  have  a  gray  to  a  dark  brown 
color,  but  the  color,  as  well  as  the  chemical  composition,  will  vary  widely. 
If  the  product  is  composed  of  fish  waste  the  percentage  of  bone  is  likely 
to  be  high,  and  therefore  the  percentage  of  phosphoric  acid  will  be  high. 
The  fish  meal  that  is  made  from  the  Newfoundland  cod  may  contain  as 
high  as  18  per  cent  of  phosphoric  acid,  but  it  analyzes  only  5  per  cent  of 
nitrogen.  The  Norwegian  and  American  fish  meals  contain  about  7  to  10 
per  cent  of  nitrogen  and  4  to  8  per  cent  of  phosphoric  acid.  The  availability 
of  the  mtrogen  of  the  fish  fertilizers  is  usually  slightly  lower  than  that  of 
dried  blood.  The  phosphoric  acid  appears  to  be  somewhat  more  available 
than  the  phosphoric  acid  in  steamed  ground  bone. 

Acidulated  Fish 


The  fish  fertilizers,  because  of  their  physical  characteristics,  do  not  lend 

remselves  readily  to  treatment  with  sulfuric  acid.  Nevertheless  some  of 

he  products  have  been  treated  fairly  satisfactorily.  This  treatment  reduces 

he  odor  converts  the  insoluble  bone  phosphate  into  a  more  readilv 

vadable  form,  and  converts  some  of  the  nitrogen  to  ammonium  sulfate 
The  product  is  known  as  acidulated  fish.  sultate. 

There  is  also  a  product  known  as  acid  fish  on  the  marker  Thic  ;  c  , 

material  is  used  in  the  manufacfumoflse  good^  The 
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Sources  of  Garbage  Tankage 

Garbage  tankage  is  the  rendered,  dried,  and  ground  product  derived 
from  waste  household  food  materials.  It  is  a  very  low-grade  fertilizer,  but 
is  important  because  the  supply  increases  with  the  growth  of  our  cities. 
In  those  cases  where  an  attempt  is  made  to  manufacture  this  product,  the 
crude  material  is  dried,  usually  after  an  effort  has  been  made  to  remove  the 
fats.  Garbage  tankage  is  variable  in  its  composition  and  finds  its  chief  use 
in  the  manufacture  of  base  goods.  It  generally  analyzes  2  to  3  per  cent  of 
nitrogen,  1  to  3  per  cent  of  phosphoric  acid,  and  .5  to  1.5  per  cent  of 
potash. 

Prince  and  Winsor  (1926)  have  compared  the  availability  of  garbage 
tankage  analyzing  3.13  per  cent  of  nitrogen  with  other  commonly  used 
nitrogen  carriers  where  equivalent  amounts  of  nitrogen  were  applied  to 
barley,  rye  and  sorghum.  Their  results  are  given  in  the  following  table. 

Table  29 

Comparative  Availability  of  Nitrogenous  Fertilizers  for  Barley,  Rye,  and 
Sorghum  as  Determined  by  Nitrogen  Recovery  Tests  Using  Sodium 
Nitrate  as  a  Basis  of  Comparison 


Fertilizer 

Barley 
(per  cent ) 

Rye 

( per  cent ) 

Sorghum 
(per  cent ) 

Average 
(per  cent) 

Sodium  nitrate.  . . 

100.00 

100.00 

100.00 

100.00 

Urea  (C.  P.) . 

105.10 

96.90 

94.10 

98.70 

Urea  (commercial  synthetic) . 

98.20 

93.60 

100.70 

97.50 

94.20 

86.20 

84.30 

88.20 

Standard  tankage . 

52.00 

48.70 

59.40 

53.40 

Fish . 

52.10 

42.10 

53.50 

49  20 

Garbage  tankage . 

13-00 

9.50 

26.40 

16.30 

Garbage  tankage  finely  ground 

10.90 

10.20 

15.30 

13.10 

Haskins  (1929)  has  reported  that  about  84  per  cent  of  the  total  nitrogen 
of  garbage  tankage  is  in  a  water-insoluble  form  and  that  tests,  both 
laboratory  and  vegetative,  showed  the  nitrogen  to  be  of  an  inferior 

quality. 

Activated  Sewage  Products 

In  some  cities  of  Europe  and  America  a  material  known  as  activated 
sewage  sludge  is  now  being  made  available  to  farmers.  It  was  first  used  in 
mixed  fertilizers  in  1927.  Sewage  sludge  is  a  product  resulting  from  t  ic 
treatment  of  sewage.  It  is  made  from  sewage  which  has  been  freed  from 


Castor  Pomace 
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grit  and  coarse  solids  and  aerated  after  being  inoculated  with  microorgan¬ 
isms.  The  resulting  flocculated  organic  matter  is  filtered,  dried  in  rotary 
kilns,  and  then  ground  and  screened.  The  activated  sewage  sludge  mar¬ 
keted  by  the  sewage  commission  of  the  city  of  Milwaukee  is  sold  in  this 
country  under  the  trade  name  of  milorganite.  It  contains  6.0  per  cent  of 
nitrogen  and  2.5  per  cent  of  available  phosphoric  acid.  Rehling  and  Truog 
(1939)  found  that  milorganite  contained  many  of  the  rarer  elements.  The 
activated  sewage  sludge  produced  in  Pasadena,  California,  is  sold  under 
the  trade  name  of  nitroganic.  Recently,  the  city  of  Chicago  has  started  large 
scale  production  of  sewage  sludge.  Sewage  sludge  is  a  high-grade  fertilizer 
and  eventually  may  be  produced  in  large  quantities.  It  has  a  faint  nauseat¬ 
ing  odor  to  which  some  workmen  object.  Its  relative  availability  as  shown 
by  Rubins  and  Bear  (1942)  is  given  in  Table  27. 

In  addition  to  activated  sewage  sludge  a  small  amount  of  Imholf 
sewage  sludge  is  coming  on  the  American  market.  It  is  of  lower  grade  than 
the  activated  sludge. 

Cottonseed  Meal 

Cottonseed  meal  is  a  by-product  of  the  cottonseed  oil  industry.  After 
the  oil  has  been  removed  from  cotton  seed  the  cake  is  ground  and  sold  as  a 
feed  or  fertilizer.  It  contains  about  6.0  to  9.0  per  cent  of  nitrogen,  2.0 
to  3.0  per  cent  of  phosphoric  acid,  and  1.5  to  2.0  per  cent  of  potash. 
Cottonseed  meal  is  the  principal  proteid  organic  fertilizer  material  incor¬ 
porated  in  home  mixtures. 

In  the  South,  it  is  a  common  practice  for  farmers  to  trade  their  cotton 
seed  for  cottonseed  meal,  the  cottonseed  meal  to  be  fed  or  returned  to  the 
soil  as  fertilizer.  Such  a  practice  has  been  advocated  by  Collings  (1926)  and 
others,  and  when  followed,  the  loss  of  fertility  from  Cotton  Belt  soils  may 
be  greatly  curtailed. 

Cottonseed  meal  is  an  excellent  feed  for  cattle,  but  has  only  compara¬ 
tively  recently  become  widely  recognized  as  such.  Because  of  the  demand 
for  cottonseed  meal  for  feed,  a  smaller  percentage  of  the  annual  production 
of  cottonseed  meal  is  finding  its  way  into  the  fertilizer  market  than  form¬ 
erly.  It  is  to  be  hoped  that  its  use  as  a  fertilizer  will  be  discontinued. 

Castor  Pomace 

Castor  pomace  is  a  by-product  of  the  manufacture  of  castor  oil.  It 
contains  about  5  to  6  per  cent  of  nitrogen,  2  per  cent  of  phosphoric  acid, 
and  1  per  cent  of  potash.  Unlike  the  meals  secured  from  the  seeds  of  flax 
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Fig.  45.  Crotalaria  is  a  rank-growing  legume  which,  when  turned  under,  adds 
much  high  nitrogen  organic  matter  to  the  soil.  (Courtesy,  The  Fertilizer  Review.) 


and  cotton,  castor  pomace  is  poisonous  to  animals  and  is  not  fed,  being 
used  only  for  fertilizer  purposes.  Fortunately,  castor  pomace  ranks  high  as 
an  organic  source  of  nitrogen. 

Linseed  Meal 

Linseed  meal  is  the  resulting  product  secured  after  extracting  oil  from 
flax  seed.  It  contains  about  5.5  per  cent  of  nitrogen,  1.7  per  cent  of  phos¬ 
phoric  acid,  and  1.3  per  cent  of  potash.  Because  it  is  an  excellent  feed  its 
market  value  usually  makes  its  use  for  fertilizer  purposes  prohibitive. 

Rapeseed  Meal 

To  a  limited  extent  rapeseed  meal  has  been  imported  into  this  country 
from  England.  It  analyzes  about  5  to  6  per  cent  of  nitrogen.  Haskins  (1929) 
has  reported  that  at  the  Massachusetts  Experiment  Station  tests  of  its 
availability  showed  the  product  to  compare  favorably  with  cottonseed 
meal  and  castor  pomace. 

Other  Vegetable  Fertilizers 

Besides  cottonseed  meal,  linseed  meal,  and  castor  pomace,  there  are 
other  meals  and  pomaces  which  can  sometimes  be  obtained  in  small  quan- 
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Fig.  46.  A  properly  built  farm  manure  pit.  The  litter  carrier  saves  time  and  prevents 

losses.  (Courtesy,  Deere  and  Co.) 


tities  to  be  used  by  farmers  as  fertilizing  materials  and  by  manufacturers  of 
mixed  fertilizers  in  the  preparation  of  base  goods.  Among  these  are  apple 
pomace,  cocoa-cake  meal,  copra-cake  meal,  cranberry  pomace,  peanut 
meal,  pumpkin  pomace,  rubber  seed  meal,  tomato  pomace,  velvet  bean 
meal,  soybean  meal,  and  wine  lees.  As  would  be  expected,  the  water 
content  of  the  pomaces  is  generally  high  and  their  composition  is  very 

variable.  The  use  by  farmers  of  the  pomaces  as  fertilizer  is  only  of  local 
importance. 


Reinforced  Non-leguminous  Green  IVIanures 

Some  agronomists  think  that  one  of  the  greatest  needs  of  many  of  the 
soils  of  the  United  States  is  an  increase  in  their  content  of  organic  matter 
For  this  reason  agronomists  often  recommend  that  the  organic  matter  of 
the  sod  be  increased  by  turning  under  barnyard  manure,  crop  residues  and 
green  manures.  For  this  purpose  the  most  satisfactory  green-mamiring 
crops  are  those  that  will  produce  a  rapid  growth  and  make  heavy  yieldf 
Because  of  their  comparatively  narrow  carbon-nirrogen  ratio  the  legumes 
have  proved  to  be  better  suited  for  green-manuring  than  have  the  non 
egumes,  bur  on  many  soils  it  is  difficult  to  obtain  a  good  growth  of 
legumes.  On  the  other  hand,  good  yields  of  rye  or  other  nonleguminous 
plants  can  often  be  produced  more  satisfactorily  than  can  crops  of  legumes 

as  nonleguminous  green-manuring  crops  have  a  wide  caLn-nftrogen 
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ratio  they  decay  very  slowly  when  they  are  turned  under,  and  unfavorable 
results  are  often  noted  from  their  use. 

For  the  above  reasons  many  farmers  are  now  finding  that  the  applica¬ 
tion  of  cheap  carriers  of  nitrogen  to  nonleguminous  green  manuring 
crops  before  plowing  down  will  result  in  organic  matter  of  a  narrow 
carbon-nitrogen  ratio,  and  a  product  comparable  to  the  organic  matter  of 
legumes  or  high-grade  barnyard  manure.  Furthermore,  many  farm  wastes, 
such  as  cornstalks,  leaves,  straw,  or  even  grass  sods,  may  be  treated  in  a 
similar  way  and  turned  into  the  soil  with  good  results. 


Conservation  and  Use  of  Barnyard  Manure 


Strictly  speaking,  barnyard  manure  is  not  a  commercial  fertilizer,  but 
its  use  on  the  farms  of  America  is  so  universal  that  it  seems  appropriate 
to  include  in  this  chapter  a  short  discussion  of  its  conservation  and  use. 

In  many  sections  of  the  country  the  farm  manure  produced  on  the 
average  farm  aggregates  a  substantial  total,  and  because  of  this,  steps 
should  be  taken  to  conserve  the  plant  food  represented.  Salter  and  Schol- 
lenberger  (1939)  estimate  an  annual  production  of  manure  in  the  United 
States  equivalent  to  1.02  tons  for  each  acre  in  crops  and  pasture.  The 


manure'storag^Tcourtesy?  WscTnsin  Agricuicura.  Experiment  Sea, ion.) 
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proper  care  of  manure  costs  no  more  labor  and  little  more  money  than  the 
many  po’or  methods  now  in  common  use. 

Many  authorities  concur  in  the  belief  that  fully  one-half  of  the  value  of 
the  farm  manure  produced  in  the  United  States  never  reaches  the  field. 
Because  proper  protection  is  not  given  farm  manure  by  the  average 
farmer  much  of  its  soluble  nutrients  are  lost  through  seepage,  and  much  of 
its  organic  matter  is  lost  through  oxidation  and  other  forms  of  decay. 

Considering  as  a  whole  the  farm  practices  of  the  United  States,  it 
seems  that  the  most  needed  reforms  for  conserving  farm  manure  in  this 
country  are  (l)  better  care  in  the  barn  during  the  production  of  manure, 
(2)  the  adoption  of  a  regular  and  systematic  program  of  daily  handling  and 
spreading  on  the  land,  (3)  the  use  of  safeguards  during  temporary  storage, 
and  (4)  the  selection  of  the  most  satisfactory  times  in  the  rotation  to  apply 
manurial  treatments. 

Manure  should  be  stored  under  a  shed.  A  great  deal  of  the  plant 
nutrients  in  manure  is  soluble  in  water,  and  manure  exposed  in  the  open 
may  readily  lose  much  of  its  value  even  when  stored  in  the  open  for  only  a 
few  months  or  even  weeks.  If  one  must  feed  his  stock  in  an  open  lot,  care 
should  be  taken  to  use  as  small  a  lot  as  feasible.  Most  feed  lots  are  much 
larger  than  is  required  for  the  accommodation  of  the  farm  animals.  By 
decreasing  the  size  of  the  feed  lot  an  increase  is  made  in  the  depth  of  the 

manure  which  collects  in  the  lot,  and  as  a  result  a  decrease  in  the  loss  by 
leaching  would  be  effected. 


Sufficient  bedding  or  litter  should  be  used  in  stalls  to  absorb  the 
approximate  600  pounds  of  liquid  found  in  each  ton  of  manure.  Wheat  and 
oat  straw,  shredded  cornstalks,  and  pine  needles  are  capable  of  taking  up 
twice  their  weight  of  water.  6  V 

Farm  manure  varies  greatly  in  composition  depending  upon  such 
factors  as  (1)  land  of  animal,  (2)  age,  condition,  and  individuality  of 
animals,  (3)  food  consumed,  (4)  litter  used,  and  (5)  the  handling  and 
storage  the  manure  receives.  Farm  manure  is  characterized  by  its  varia- 
nty,  ns  low  analysis,  its  unbalanced  nutrient  condition,  its  moist  con- 

soii°A  reSDraP  fmentatlVe  Processes>  and  its  residual  influence  on  the 
soil.  A  representative  ton  contains  about  .5  per  cent  of  nitrogen  25  per 

5SC2T  -1  •’ p"  ““  *  t"--  ■■  - 
•Jxrs&ssXi  *-  “  ~m’ b""*  ■i-»' 
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Fig.  48.  Uniform  spreading  of  manure  gives  the  best  returns.  (Courtesy, 

Deere  and  Co.) 


to  30  pounds  of  ordinary  superphosphate  per  ton  of  manure  is  mixed  with 
the  manure.  The  superphosphate  unites  with  the  ammonia  to  form  a  more 
stable  compound  of  nitrogen. 

A  great  deal  of  loss  commonly  sustained  during  the  storage  of  manure 
can  be  avoided  if  the  manure  is  hauled  daily,  or  at  least  at  frequent  inter¬ 
vals  directly  to  the  fields  and  spread  on  the  land.  If  it  should  ram  follow¬ 
ing  the  field  application  of  manure  the  leaching  of  the  manure  in  the  fie  d 
will  take  the  soluble  portion  into  the  soil.  If  a  dry  period  follows  the  e 
application  the  manure  quickly  dries  to  a  safe  moisture  content  so  that  the 

decay  of  the  product  soon  .ceases. 

On  many  farms  a  wet  condition  of  the  fields,  or  a  peak  labor  load,  may 
often  make  the  regular  hauling  and  spreading  of  manure  .mpractica  e 
and  inadvisable  so  that  provision  must  be  made  for  temporary  storage. 

When  this  is  necessary  the  manure  should  be  kept  under  cover,  u  p 

sion  should  be  made  to  keep  the  manure  wet  in  order  to  reduce  as  far  as 
possible  the  loss  resulting  from  rapid  oxidation.  If  the  manure :  cannot  be 
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rapid  changes  in  soil  temperature,  which  in  turn  reduces  winter  injury. 

Manure  should  be  spread  evenly  over  the  soil  if  the  best  results  are  to 
be  secured.  This  can  be  done  only  if  the  manure  is  fine  and  is  distributed 
with  a  manure  spreader.  A  manure  spreader  not  only  spreads  the  manure 
evenly,  but  it  processes  or  conditions  the  manure  as  it  spreads  it. 

Light  applications  of  manure  give  greater  returns  than  heavy  applica¬ 
tions,  that  is,  greater  returns  will  be  secured  by  applying  20  tons  of  farm 
manure  to  four  acres  than  to  two  acres.  The  application  of  8  to  10  tons  of 
manure  per  acre  is  considered  an  average  application,  15  to  25  tons  a  heavy 
application,  and  less  than  8  tons  a  light  application. 

The  residual  effects  of  barnyard  manure  may  be  seen  for  many  years. 
At  the  Rothamsted  Station,  England,  the  residual  effects  have  been 
noted  for  20  years  following  a  period  of  20  years  during  which  manure 
was  applied. 

Forty-year  results  secured  by  Prince,  et  al.  (1941)  at  the  New  Jersey 
Agricultural  Experiment  Station  showed  that  the  organic  matter  con¬ 
tent  of  the  soil  was  maintained  only  when  manure  was  applied  at  the 
rate  of  16  tons  per  acre  annually,  and  where  use  was  made  of  lime  and 
green-manure. 


Synthetic  Manure 

In  recent  years  there  has  been  a  marked  decrease  in  the  supply  of  farm 
manure  in  this  country,  hence  attempts  have  been  made  to  develop  meth¬ 
ods  of  producing  manure  artificially  from,  straw,  hay  of  poor  quality, 
shredded  cornstalks,  and  other  farm  wastes.  Such  attempts  have  met  with 
varying  degrees  of  success.  When  materials  which  are  composed  mainly 
of  cellulose  are  mixed  with  certain  fertilizer  salts,  and  then  kept  in  a  moist 
condition,  a  decay  sets  in  which  produces  within  a  few  weeks’  time  a  prod¬ 
uct  that  resembles  farmyard  manure  in  appearance,  in  its  action  when 
applied  to  the  soil  and,  what  is  more  important,  in  its  influence  on  crop 
growth.  One  ton  of  air-dry  straw  will  make  about  3  tons  of  moist  manure 
Mixtures  of  fertilizer  salts  for  this  use  have  been  patented  and  are  now 
sold  on  the  market  under  trade  names.  They  are  compounded  with  the 
tdea  of  making  of  the  mixture  of  straw  and  salts  an  ideal  medium  in 
which  those  microorganisms  that  break  down  cellulose  may  grow  luxuri¬ 
antly.  In  addition  to  nitrogen  salts  and  limestone,  the  mixtures  generally 
carry  small  amounts  of  phosphorus,  magnesium,  sulfur  and  sodium  The 

^  ^  *  supposed  co  be 
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Albrecht  (1927),  of  the  Missouri  Experiment  Station,  has  used  one  of 
the  patented  mixtures  successfully,  but  he  has  suggested  a  homemade 
mixture  consisting  of  45  pounds  of  ammonium  sulfate,  15  pounds  of 
superphosphate,  and  40  pounds  of  finely  ground  limestone,  and  has  rec¬ 
ommended  that  this  mixture  be  used  at  the  rate  of  150  pounds  per  ton  ol 
straw.  When  such  a  mixture  was  added  to  wheat  straw,  and  the  straw  made 
into  flat  piles  for  the  purpose  of  catching  rainwater,  a  product  of  manure¬ 
like  appearance  and  behavior  resulted  in  one  trial  in  about  16  weeks,  and 
in  another  trial  in  about  8  weeks.  As  a  top-dressing  for  wheat  the  artificial 
manure  proved  to  be  superior  to  applications  of  straw  or  ordinary  barnyard 
manure. 

The  process  of  manufacture  of  synthetic  manure  was  first  developed  by 
the  Rothamsted  Experiment  Station,  England,  where  Russell  (1926)  re¬ 
ported  that  synthetic  manure  has  been  prepared  most  economically  when 
3.5  parts  of  ammonium  sulfate  were  added  for  each  100  parts  of  straw, 
and  the  mixture  allowed  to  disintegrate  in  the  open.  He  found  that  at 
first  the  nitrogen  is  rapidly  assimilated  by  microorganisms  and  the  dry 
matter  lost  to  the  extent  of  about  20  per  cent  of  the  dry  weight  of  the 
straw.  The  decomposition  then  slows  down,  probably  owing  to  the 
exhaustion  of  nitrogen  and  the  soluble  carbohydrates  which  facilitate 
the  decomposition,  until  about  50  pet  cent  of  the  total  dry  matter  has  been 
lost  He  found  that  very  little  nitrogen  is  lost  during  this  second  phase  o 
the  decomposition,  although  all  of  it  had  been  converted  into  more  com- 


Pl£  Turk  (19U36)  found  that  1  ton  of  dry  straw  produced  about  2^  tons  of 
wet  manure.  He  produced  synthetic  manure  at  a  cost  c >  J. 
chemicals  necessary  to  make  a  ton  of  wet  manure  Martin  and  Wang  (  ^  ) 

have  determined  the  loss  during  composting  °f  artificial  ma 
from  various  sources.  Their  results  are  g>ven  in  Table  30^ 

Collison  and  Conn  (1929)  have  concluded  that under ,^ew3  o  k  co 

ssss  »i.,  >»•<  — » 

manufacture  and  use. 


Peat,  Humus,  and  Muck 

Peat,  humus  and  muck  are  names codlected"^  under' anaerobic 

"-ions  ai°ng  the  banks  of  stteams  and 


Table  30 

Decomposit.on  OF  Organ.c  Const.tuents  Dur.ng  Composing  ,n  Grams  per  100  g.  OF  Original  Material 

Oat  Straw  +  Inor -  I  Oat  Straw  +  Clover 

ganic  Salts  j  Hay  Cow  Manure  Peat  +  Timothy  Hay  Cornstalks  +  Inor -  Leaves  +  Timothy 


Peat,  Humus,  and  Muck 
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lakes.  These  deposits  may  be  almost  purely  of  vegetable  origin,  or  they 
may  contain  varying  percentages  of  sand,  silt  and  clay. 

Peat  usually  contains  a  very  high  percentage  of  organic  matter.  A  good 
grade  of  peat  Usually  has  not  over  5  per  cent  of  mineral  matter  including  the 
ash  constituents.  Peat  is  of  value  chiefly  as  a  soil  conditioner  for  horticultural 
uses  and  in  poultry  houses  because  of  its  absorbent  properties.  The  highest 
quality  and  most  absorbent  peat  is  that  derived  from  Sphagnum  moss,  of 
which  approximately  75,000  to  85,000  tons  annually  have  been  used  in  the 
United  States  in  recent  years.  Peat  formed  from  marsh  grasses  and  other 
aquatic  plants  is  less  absorbent. 

Humus  is  the  name  applied  to  peat  deposits  that  have  decayed  to  such 
an  extent  that  the  structure  of  the  fiber  is  no  longer  evident.  Humus  con¬ 
sists  chiefly  of  organic  matter,  with  usually  not  over  5  to  15  per  cent  tota 
mineral  material.  Humus  may  be  of  Sphagnum  origin,  or  derived  from  any 


type  of  marshy  land  plants. 

Muck  is  the  name  applied  to  thoroughly  decomposed  organic  deposits 
containing  appreciable  amounts  of  mineral  matter,  especially  sand,  silt 
and  clay,  and  is  of  value  chiefly  when  hauled  fiom  nearby  deposits  and 

applied  to  poor  soils.  .  .  -  ^  a  n 

On  a  water-free  basis  these  materials  usually  contain  from  1.5  3. 

per  cent  of  nitrogen;  0.25  to  0.5  per  cent  of  phosphoric  acid;  and  0.5  to 
1  0  per  cent  of  potash.  While  the  plant  food  value  does  not  justify  t  ie 
usual  processing,  transportation  and  selling  expense  necessary  to  mark 
rhese  materials  commercially,  rhe  absorbent  and  conditioning  properties 
for  the  special  uses  to  which  peat  and  humus  are  adapted  have  maintained 

a  substantial  volume  of  business  in  of  peat  fou„d  in 

The  srare  of  Minnesota  contains  the  largest  reserves  b 
rhe  Umted  States  followed  in  order  by  Wisconsin,  Florida,  and  Michigan. 


Relative  value  of  Muck  and  sodium  Nit.ate  for  corn 


Nitrogen  Applied  per  Acre 


Yield  of  Corn 
Fodder— Aver¬ 
age  of  4  Pots , 
{grams) 


Increase 
Sodium 
Nitrate  100 
{per  cent) 


None . 

24  lbs.  in  muck . 

48  lbs.  in  muck . 

24  lbs.  in  sodium  nitrate 
48  lbs.  in  sodium  nitrate 


50 

55 

61 

127 

165 


5 

10 

68 

100 


Ammoniated  Peat 
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Proul  (1921),  of  the  Indiana  Experiment  Station,  has  determined  the 
relative  crop-producing  value  of  muck  and  sodium  nitrate  when  applied 
to  corn  on  an  equivalent  nitrogen  basis.  His  results  are  given  in  Table  31. 

Duff  Briquette  Fertilizers 

In  recent  years  there  has  come  on  the  market  a  variety  of  pellets,  tablets 
and  briquette  fertilizers  made  of  mineral  salts  alone  or  in  combination  with 
organic  matter.  In  a  sense  these  things  are  not  new.  The  Chinese  for 
centuries  have  been  fertilizing  plants  with  briquettes  made  from  night  soil 
and  marl. 

When  materials  of  this  kind  are  placed  in  the  soil  they  offer  a  continued 
source  of  plant  nutrients  to  plants  although  there  is  some  danger  of 
chemical  injury  to  the  roots.  The  danger  of  plasmolysing  plant  cells  is 
somewhat  reduced  when  they  contain  duff,  manure  or  clay. 

Excellent  results  have  been  reported  from  the  use  of  duff  briquettes  on 
shrubs  and  trees  by  Wilde  and  Whittenkamp  (1942).  They  prepared  their 
briquettes  from  the  following  materials: 


5  pecks  of  shredded  hardwood-hemlock  duff,  approximate  reaction, 

pH  5.3,  total  N  content,  1.596;  and  base  exchange  capacity,  70M.E. 
per  100  grams. 

1  peck  of  pulverized  Superior  clay,  having  35  to  45%  of  particles 
smaller  than  0.005  mm.  in  diameter;  approximate  base  exchange 
capacity  of  30  M.E.  per  100  grams;  and  a  pH  of  5.5. 

2  pounds  of  ammonium  sulfate  (20%  N). 

pounds  of  potassium  nitrate  (13%  N;  44%  K20). 

IK  pounds  of  ammonium  phosphate  (ll%  N;  48%  P205). 


These  amounts  of  materials  were  sufficient  for  the  preparatron  of  100 
2  X  2  X  4-mch  briquettes,  or  800  1  X  1  X  2-inch  briquettes. 

Ammoniated  Peat 

When  peat  and  ammonia  are  heated  under  i 

made  to  absorb  the  ammonia  to  the  extent  of“  0  ^“^1 

product  is  known  as  ammoniated  near  and  ri^  u-  i  ^  ,  Cent'  T  e 

oped  commercially  it  has  considerable  promise^  ’  f  ’t”0'  ^  deveU 
third  of  the  ammonia  in  ammoniated  Dear  '  **  *  12er‘  About  one‘ 

Scholl  (1939)  have  repotted  ammoniated  pea" totTve  b  and 

urea  or  ammonium  sulfate  when  applied  to  carrots  b  " 
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Figs  49  and  50.  ( Above  and  below.)  Showing  the  effect  of  .42  grams 
in  vaSufo^ganics  on  che  growth  of  Japanese  millet.  (Courtesy.  Massachusetts 

Agricultural  Experiment  Station.) 


Soot 

Soot  represents  the  condensed  smoke  of  coal  fires,  and  is  mlde  “P 
largely  of  carbon  which  has  absorbed  varying  amounts  of  ammonia 
o  fd  lr.  For  feirilizing  purposes  soot  may  be  considered  as  an 

obtainable  it  is  seldom  used  as  a  fertilizer  except  or  gar  e  P 

Manufacture  of  Base-mix  or  Base-goods 

Many  manufacturers 
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acid.  The  nitrogenous  fertilizers  commonly  used  are  low-grade  materials 
commonly  referred  to  as  rough  ammoniates,  such  as  hair,  leather,  fur,  felt, 
feathers,  and  wool  waste.  In  their  natural  state  these  materials  are  of  little 
value  as  carriers  of  plant  nutrients,  but  when  processed  or  made  into  base- 
mix  they  are  converted  into  readily  available  forms  suitable  for  crop  use. 
This  is  one  of  the  ways  in  which  the  manufacturer  of  complete  fertilizers 
performs  an  economic  service.  During  the  last  few  years,  however,  the 
manufacture  of  wet  base-goods  in  this  country  has  greatly  declined. 

The  manufacturers  use  base-mix  as  a  base  to  which  is  added  high- 
analysis  fertilizer  materials  in  sufficient  quantities  to  compound  the  various 
grades  of  mixed  fertilizers  which  they  sell  on  the  market. 

In  the  following  table  are  given  the  various  sources  of  fertilizer  nitrogen 
for  a  recent  year.  These  figures  would  indicate  that  only  about  10  per 
cent  of  fertilizer  nitrogen  can  be  classed  as  proteid  organic. 


Table  32 


Sources  oe  Fertilizer  Nitrogen  in  1941 


Source 

Tons 

Total 

Inorganic .  .  . 

Ammonia — solid 

144,448 

Nitrate — solid 

146,100 

Nitrogen  liquors 

65,200 

Synthetic  organic 

43,082 

398,830 

Organic.  .  . 

Vegetable  proteins 

20,150 

Animal  proteins 

4,200 

Process  tankage 

9,000 

All  others . 

Sewage  sludge 

7,960 

41,310 

11,168 

11,168 

Total.  . 

_ 

451,308 

Comparative  Agricultural  Value 
Nitrogenous  Fertilizers 


of  the  Proteid  Organic 


Many  investigators  have  attempted  to  classify  rhe  •  1 

nitrogenous  materials  on  a  basis  of  their  rel  .n  i*  r  or&anic 

and  also  to  compare  them  with  the  r  ^  ™ UC  ^  Cr°p  Production, 

materials.  Such  investigations  as  “eln  TeporteT f  ’ “T ^ 
much  exact  information  and  are  of  1  ,  ep  ted  do  n°t  furnish 

the  relative  worth  of  the  materia” rested  V  T  determinin8  roughIy 

without  any  attempt  being  made  to  correct  the  ^  Y  applied 

“  “  "**  *"*■*  r  -  «-  SSS^SSSU 
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As  is  to  be  expected,  the  relative  crop-producing  value  of  the  organic 
ammoniates  varies  greatly,  depending  not  only  upon  the  fertilizer,  but  also 
upon  the  crop,  soil  and  climatic  conditions  under  which  the  crop  is  grown. 


Table  33 


Effects  of  Various  Sources  of  Nitrogen  in  Mixed  Fertilizers  on  Yields  of  Seed 
Cotton — Pee  Dee  Experiment  Station,  South  Carolina,  1919-1925* 


Source 

Y  ield— 

- Pounds  of  Seed  Cotton  per  Acre 

Rela¬ 

tive 

Yield 

1919 

1921 

1922 

1923 

1924 

1925 

Aver¬ 

age 

Check . 

954 

920 

617 

717 

595 

1472 

879 

Cottonseed  meal . 

980 

950 

620 

700 

630 

1542 

904 

87.7 

Cyanamid . 

950 

950 

830 

790 

700 

1534 

959 

93.1 

Ammonium  sulfate . 

1370 

800 

620 

870 

745 

1554 

993 

96.3 

Sodium  nitrate . 

1100 

730 

710 

1190 

785 

1668 

1031 

100.0 

Fish  scrap . 

1280 

920 

790 

850 

795 

1570 

1034 

100.3 

Dried  blood . 

1310 

950 

630 

990 

740 

1632 

1042 

101 . 1 

Ammonium  nitrate . 

840 

690 

800 1 

690 f 

1618 

•  • 

*  Yields  not  obtained  for  1920. 
t  Ammonium  nutrate  not  applied  in  1923  and  1924. 


Table  34 


Effect  of  Various  Sources  of  Nitrogen  in  Mixed  Fertilizer  on  Yields  of  Corn— 
Pee  Dee  Experiment  Station,  South  Carolina,  1909-1925 


Source 

Yield — Bushels 

Rela¬ 

tive 

Yield 

1919 

1920 

1921 

1922 

1923 

1924 

1925 

Aver¬ 

age 

Cottonseed  meal . 

Fish  scrap . 

Dried  blood 

Ammonium  sulfate . 

Sodium  nitrate . 

Ammonium  nitrate 

28.8 

30.6 

28.7 

31.1 

32.0 

32.0 

32.5 

Y 

28.3 
29-4 
33.6 
42.8 

41.1 

42.5 

47.3 
42.5 

28.5 

32.9 

34.3 

32.2 

37.0 

43.2 

47.3 
438 

28.4 

32.5 

32.2 

34.9 

35.9 

36.7 

37.7 

33.2 

21.1 

24.9 

21.9 
13.7 
24.0 
30.0 
26.4 
22.1* 

27.0 

28.5 
34.0 

30.6 
36.0 
30.4 
29-0 
22.2* 

22.1 

29-2 

31.5 

27.4 

32.2 

31.2 

32.8 

35.7 

26.3 
29-7 
30.9 

30.4 
23.0 

35.3 

36.2 

82.0 

85.4 
84.0 

939 

97.5 
100.0 

*  No  ammonium  nitrate  applied  in  1923  and  1924. 


Aost  organic  ammoniates  have  a  slightly  acid-forming  influence  on  the 
oU  but  !ome  decrease  soil  acidity.  In  general,  availably  tests  as  com- 
aonly  conducted  have  shown  that  those  materials  that  carry .‘“'og 
a  the  nitrate  form  gives  the  greatest  efficiency  for  general  field  crops  when 
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grown  under  average  conditions.  Basing  our  estimate  upon  the  many 
availability  studies  so  far  reported,  if  we  assign  a  rating  of  100  for  the 
nitrate  fertilizers  we  can  assign  a  rating  of  about  90  for  the  ammonium 
compounds  where  lime  is  not  applied,  and  a  rating  of  about  70  to  80  for 
the  high  grade  proteid  organics.  Tables  33  and  34  are  given  as  examples  of 
the  results  that  have  been  secured  from  field  tests  in  many  parts  of  the 
country.  These  data  secured  by  Skinner  and  Buie  (1926)  show  the  relative 
influence  of  some  of  the  more  commonly  used  organics,  as  well  as  inor¬ 
ganic  nitrogenous  fertilizers,  on  the  yields  of  seed  cotton  and  corn 
respectively.  The  check  plats  have  received  an  annual  treatment  of  1000 
pounds  per  acre  of  an  0—8—4,  and  all  other  plats  1000  pounds  per  acre  of  a 
4-8-4.  The  source  of  nitrogen  has  varied  with  the  plat. 

In  Table  35  are  given,  according  to  Paden  (1939),  12-year  results  from 
the  Clemson  College  tests  with  various  sources  of  nitrogen  which  were 

conducted  in  concrete  rimmed  plats.  A  picture  of  these  plats  is  shown  in 

Fig.  1. 

In  many  experiments,  as  in  those  cited,  the  relative  value  of  the  nitrog¬ 
enous  fertilizers  has  been  based  upon  the  increase  in  crop  yield  that  is 
produced  by  their  use.  As  crops  absorbed  additional  nitrogen  when  sup¬ 
plied  with  quantities  greater  than  are  necessary  for  maximum  yields,  and 


FlG-  5L  HiSh  yield  of  carrots  erown  on  u  a 
-9-40.  (Courtesy,  Wisconsin 
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Table  35 

Average  Yields  of  Seed  Cotton  from  Various  Single  Sources  of  Nitrogen 

on  Unlimed  and  Limed  Soil,  1928-1939 
(Concrete  Frames) 


Source  of 
Nitrogen 

Plot 

Num¬ 

ber 

Soil 

T  reatment 

pH% 

Rate  of  Application  of  Fertilizer 

Average  Increase 
from  Lime  12  yrs. 
1928-39 

1,000  lbs. 

480  lbs. 

6-10-4* 

Average 

3  yrs. 
1928-30 

5-10-5* 

Average 

5  yrs. 
1931-35 

5-10-5 

Average 

4  yrs. 
1936-39 

Average 
12  yrs. 
1928-39 

Pounds 
per  Acre 

Per  Cent 

No  fertilizer 

1,  22 
27,  48 

Unlimed 

Limed 

6  21 
6.54 

1663 

1847 

1920 

2056 

2530 

2499 

2354 

2494 

1196 

1442 

1324 

1270 

1355 

1486 

131 

9.7 

No  nitrogen  fertilizer 

2 

28 

Unlimed 

Limed 

Unlimed 

Limed 

6.36 

6.54 

1167 

1350 

1343 

1401 

1414 

1544 

130 

9.2 

Calcium  nitrate 

3 

29 

6.34 

6.53 

1903 

2027 

1986 

2025 

2087 

2145 

58 

2.8 

Sodium  nitrate 

4 

30 

Unlimed 

Limed 

6  58 

6  58 

1722 

1997 

1951 

2066 

1957 

2144 

187 

9.5 

Ammonium  sulfate 

5 

31 

Unlimed 

Limed 

Unlimed 

Limed 

Unlimed 

Limed 

5.97 

6.49 

2320 

2287 

1880 

1857 

1931 

1920 

2007 

1995 

-ii 

—  '  59 

Leunasalpeter 

6 

32 

•• 

2184 

2481 

1650 

2106 

*  * 

Ammonium  sulfate 

6 

32 

6.04 

6.51 

•• 

•• 

1720 

2224 

504t 

29  2 

Cal  urea 

7 

33 

Unlimed 

Limed 

•• 

2436 

2475 

1878 

2084 

•  * 

*  * 

Cal-nitro 

7 

33 

Unlimed 

Limed 

6.14 

6  64 

•• 

1919 

2008 

1901 

2048 

89 1 

4.6 

Urea 

8 

34 

Unlimed 

Limed 

6.44 

6.51 

2205 

2191 

1783 

1880 

1928 

2014 

86 

4.4 

Ammo-Phos 

9 

35 

Unlimed 

Limed 

6.14 

6.25 

2306 

2179 

1762 

1872 

1912 

2015 

1948 

1996 

48 

2.5 

Nitrophoska 

10 

36 

Unlimed 

Limed 

•• 

2522 

2148 

1958 

1913 

*  * 

*  * 

*  * 

Ammonium  nitrate 
Calcium  carbonate 

10 

3  6 

Unlimed 

Limed 

6.34 

6.27 

2102 

2049 

*  * 

53t 

2.5 

Cyanamid 

H 

37 

Unlimed 

Limed 

6  41 
6  54 

2244 

2194 

1901 

1919 

1888 

2017 

1982 

2020 

38 

i.9 

Acidulated  leather 

12 

38 

Unlimed 

Limed 

Unlimed 

Limed 

Unlimed 

Limed 

•• 

1901 

2175 

.  . 

*  * 

•  • 

•  • 

Ammoniated 

superphosphate 

Milorganite 

12 

38 
13 

39 

6.38 

6.48 

•• 

1746 

2048 

1826 

2206 

1743 

2175 

380t 

432 

20*8 

24.8 

6.06 

6.70 

2131 

2632 

1589 

1994 

1637 

2059 

Cottonseed  meal 

14 

40 

Unlimed 

Limed 

6  29 
6.48 

2430 

2768 

1832 

2075 

1815 

2024 

1976 

2231 

2013 

2216 

2073 

2188 

255 

203 

li5 

12.9 

l6!  1 

5.5 

Dried  blood 

15 

41 

Unlimed 

Limed 

6.29 
6  64 

2407 

2654 

2415 

2485 

1854 

2042 

1917 

2060_ 

1917 

2105 

2012 

2124 

Fish  scrap 

16 

42 

Unlimed 

Limed 

6.26 

6.46 

2061 

2000 

2026 

2071 

45 

2 ' 2 

Tankage 

17 

43 

Unlimed 

Limed 

6.28 

6.51 

2195 

2297 

1898 

1993 

Average  for  plots  re¬ 

ceiving  nitrogen 

Unlimed 

Limed 

6.26 

6.51 

2305 

2397 

1811 

1986 

1853 

2008 

1949 

2096 

147 

7.5 

*  Nitrogen  expressed  as  ammonium  equivalent, 
t  Average  4  years  (1936-39). 
j  pH  determinations  made  June  7,  1939. 
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as  the  percentage  content  of  nitrogen  usually  decreases  as  the  yield  of  a 
crop  increases,  the  criterion  of  relative  value  in  many  tests  should  be  the 
amount  of  nitrogen  recovered  by  the  crop  rather  than  the  relative  yields 
of  the  crops  secured  as  a  result  of  their  use.  Moyer  and  Blair  (1930),  at  the 
New  Jersey  Experiment  Station,  made  a  study  on  this  basis  of  tankage, 
Cyanamid,  ammonium  sulfate  and  sodium  nitrate.  Equivalent  amounts  of 
nitrogen  were  applied  to  all  pots.  Their  results  are  given  in  the  table  below. 
It  will  be  noted  that  the  recovery  of  nitrogen  in  these  experiments  varied 
from  25  to  61  per  cent.  Under  held  conditions  the  recovery  of  nitrogen 
seldom  exceeds  50  per  cent  even  for  nitrates,  and  most  of  the  available 
data  indicates  that  only  about  60  to  75  per  cent  as  much  nitrogen  is  re¬ 
coverable  from  the  insoluble^  proteid  organics  as  from  soluble  sources  of 
nitrogen. 


Table  36 


Relative  Availability  Studies  of  Some  Nitrogenous  Fertilizers.  Yield  in  Grams 
per  Pot  at  Age  of  13  Wks.  Nitrogen  Content  of  Crop  in  Milligrams 


Crop  Grown 


Oats*.  . 
Barley*. 
Rape*. . 
Cornf. . 
Barley  f. 

Totals 


Recovery  of  nitrogen  in  soil 
Relative  yields  of  crops. 
Relative  contents  of  nitro¬ 
gen . 

*  Grown  in  Sassafras  loam. 

t  Grown  in  Sassafras  sand. 


Sodium 

Nitrate 

Ammonium 

Sulfate 

Cyanamid 

Tankage 

Dry 
Mat¬ 
ter ,  g. 

Nitro¬ 

gen, 

mg. 

Dry 
Mat¬ 
ter,  g. 

Nitro¬ 

gen, 

mg. 

Dry 
Mat¬ 
ter,  g. 

Nitro¬ 

gen, 

mg. 

Dry 
Mat¬ 
ter,  g. 

Nitro¬ 

gen, 

mg. 

25.17 

36.70 

28.47 

40.95 

29.69 

407 

424 

335 

324 

302 

24.80 

40.05 

29.51 

40.37 

27.50 

390 

408 

349 

308 

248 

26.30 

40.20 

29.47 

34.12 

30.18 

367 

443 

356 

320 

267 

21.67 

31.07 

21.60 

33.20 

23.17 

248 

328 

246 

219 

204 

160.98 

1792 

162.23 

1703 

160.27 

1753 

130.71 

1245 

60 . 94% 

100 

100 

58.96% 

101 

95 

61.88% 

100 

98 

25.10% 

81 

70 
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their  chemical  analysis  Manvnffh  ’  ey  should  be  bought  on  a  basis  of 
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Many  are  unbalanced  in  their  fertilizing  properties  and  are  unfit  to  be  used 
economically  by  the  farmer.  Where  attempts  are  made  to  use  them  they 
should  be  supplemented  with  the  needed  quantities  of  phosphoric  acid 
and  potash.  Because  these  materials  do  not  become  available  immediately 
upon  application  they  should  always  be  mixed  thoroughly  with  the  soil 
and  should  be  applied  a  few  days  before  the  crop  is  planted.  Only  a  few 
of  the  organics  can  be  applied  successfully  as  top  dressers. 

Willis  and  Piland  (1931)  have  secured  results  which  showed  that  even 
low  concentrations  of  free  ammonia  in  the  soil  may  be  detrimental  to 
germination  and  seedling  growth.  They  therefore  advise  that  organic 
ammoniates  or  easily  hydrolysable  ammonium  salts  be  applied  to  the  soil 
sometime  before  planting  or  used  in  mixtures  containing  calcium  salts. 
Apparently,  calcium  salts  may  prevent  the  toxicity  of  free  ammonia, 
provided  the  limit  of  tolerance  exhibited  by  the  plant  is  not  exceeded. 

The  proteid  organic  nitrogenous  fertilizers  were  long  held  in  popular 
esteem.  Because  of  the  changes  which  they  must  undergo  after  they  are 


incorporated  with  the  soil  before  they  become  available  to  plants,  they 
tend  to  liberate  their  nitrogen  in  an  available  form  gradually  throughout 
the  season.  In  this  way  crops  may  be  furnished  with  a  supply,  even  though 
variable,  of  available  nitrogen  during  their  entire  growing  period.  In  addi¬ 
tion,  the  organic  fertilizers,  including  barnyard  manure,  must  be  credited 
with  having  furnished  the  American  farmer  with  the  secondary  and  rarer 
essential  elements  at  a  time  when  their  essential  nature  was  not  realized. 
Also,  Clevenger  and  Willis  (1935)  have  shown  that  the  natural  organic 
fertilizers  perform  an  additional  service  in  correcting  soil  acidity,  especially 
at  high  pH  and  temperature  levels.  The  proteid  organic  nitrogenous 
fertilizers  have  proved  to  be  good  sources  of  nitrogen  largely  because  they 
are  not  very  acidic  and  because  the  nitrogen  they  carry  is  not  readily 
leached  from  the  soil.  Nevertheless,  their  availability  is  below  that  of  the 
inorganics  and  appears  to  be  influenced  by  their  nitrogen-carbon  ratios, 
especially  if  their  lignin  content  is  left  out  of  consideration. 

P  Because  of  their  influence  on  the  physical  condition  of  fertilizer  mix¬ 
tures  the  proteid  organic  nitrogenous  fertilizers  have  long  been  held  in 
high  regard.  Mixed  fertilizers  which  contain  as  much  as  10  pezcentoUn 
organic  carrier,  such  as  cottonseed  meal,  have  an  excellent  n  a  n  y 
In  the  main,  the  waning  popularity  of  the  proteid  organic  fertilizers  is  due 
o  he  cose  rf  nitrogerf carried.  A  unic  of  nitrogen  in  the 
nitrogenous  materials  costs  two  to  two  and  a  half  tunes  as  much  a  tha 
found  in  the  commonly  used  inorganic  nitrogenous  matenals.  For  rhrs 
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reason  the  more  expensive  carriers  of  nitrogen’ are  rarely  used  in  standard 
brands  of  mixed  fertilizers. 

Skinner  (1931),  of  the  United  States  Bureau  of  Chemistry  and  Soils, 
has  reported  that  as  a  result  of  some  25  experiments  made  in  the  South 
with  cotton,  on  a  variety  of  soil  types,  and  covering  a  period  of  four  years,, 
the  highest  yields  were  attained  where  80  to  85  per  cent  of  the  nitrogen 
applied  was  derived  from  inorganic  or  synthetic  sources  and  15  to  20 
per  cent  from  proteid  organic  sources.  Other  investigators  have  reported 
the  highest  crop  yields  where  all  of  the  nitrogen  was  derived  from  inorganic 
or  synthetic  sources. 


Plant  Utilization  of  Organic  Compounds 

For  a  long  while  it  was  generally  supposed  that  it  was  necessary  for  the 
nitrogen  of  proteid  nitrogenous  materials  to  be  transformed  into  nitrates 
.  by  the  microorganisms  in  the  soil  before  it  could  be  absorbed  and  utilized 
by  plants.  Yet  it  was  early  demonstrated  by  Kelly  (1911),  and  others,  that 
with  certain  plants  such  as  rice,  a  complete  transformation  is  not  necessary, 
and  since  that  time  many  investigators  have  shown  that  many  plants  may 
absorb  and  utilize  their  nitrogen  in  the  ammoniacal  form,  and  especially 
during  their  seedling  stage  of  growth.  In  addition,  Hutchinson  and  Miller 
(1910),  and  Schreiner  and  Skinner  (1912),  have  demonstrated  that  certain 
plants  can  absorb  and  utilize  nucleic  acid,  hypoxanthine,  xanthine, 
guanine,  creatine,  arginine,  creatinine,  and  histidine.  It  is  also  known  that 
phytin  and  lecithin,  which  are  organic  compounds  containing  phosphorus 
exert  a  avorable  influence  on  plant  growth.  Beaumont  et  al.  (1931)  found 
that  asparagine,  cystine,  and  urea  may  be  absorbed  by  tobacco  Other 
investigators,  however,  have  expressed  doubt  as  to  whether  absorption  of 

cromT  C°mp°7ds  Pkyj  a  vefy  ^Portant  part  in  the  nutrition  of  field 
crops  grown  under  normal  field  conditions.  On  the  other  hand,  Bear  (1929) 

suggested  that  the  known  good  effects  of  organic  matter  in  the  soil 
may  be  due  in  part  to  its  being  a  source  of  these  or  similar  organic  com 
pounds.  It  is  also  altogether  probable  that  the  soluble  organic  compounds 
id  in  keeping  iron  and  phosphates  in  solution  and  in  this  way  .  "t 
help  the  growth  of  some  plants  on  some  soils.  7  g  7 
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Sources  and  Use  of  the  Mineral  Phosphates 


Phosphorus  is  widely  distributed  in  the  lithosphere  and  is  found  most 
commonly  as  calcium  phosphate.  It  is  generally  reported  by  chemists  in 
terms  of  Ca3(P04)2,  which  is  known  chemically  as  tricalcium  phosphate. 
All  plant  and  animal  materials  and  most  phosphatic  fertilizers  carry  their 
phosphorus  as  salts  of  orthophosphoric  acid. 

Limestone  often  carries  tricalcium  phosphate  to  an  extent  ranging  from 
a  trace  to  as  much  as  80  per  cent.  The  sedimentary  phosphate  rock  of  our 
western  states  is  composed  almost  entirely  of  calcium  phosphate.  The 
presence  of  phosphates  in  many  other  rocks  testifies  to  their  general  dis¬ 
tribution.  Nevertheless,  many  soils  are  very  deficient  in  phosphorus  and 
subsoils  are  more  deficient  in  available  phosphorus  than  surface  soils. 
All  soils  contain  more  phosphates  than  the  parent  materials  from  which 
they  are  derived.  Schollenberger  found  that  in  the  surface  of  an  average 


!.  52.  Lysimeters  of  the  Tenness“ 

.  greenhouse  in  the  background.  (Courtesy, 

ssee  Valley  Authority.) 
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Ohio  soil  approximately  one-third  of  the  phosphorus  was  in  organic 
combination,  while  in  the  subsoil  only  about  one-fifth  of  the  total  phos¬ 
phorus  was  in  this  form.  In  all  probability  the  major  portion  of  the  culti¬ 
vated  soils  of  the  United  States  east  of  the  Mississippi  River  would  be 
forced  out  of  crop  production  within  a  comparatively  few  years  if  phos¬ 
phate  fertilizers  were  withheld.  It  has  been  estimated  that  eventually  the 
soils  of  the  Middle  West  will  need  4,000,000  tons  of  phosphatic  fertilizer 
per  year. 

Origin  of  Calcium  Phosphate  Deposits 

The  native  phosphate  mineral  in  most  of  our  soils  is  a  crystallized 
calcium  phosphate  containing  small 
amounts  of  calcium  chloride  and  cal- 
cium  fluoride.  This  primary  soil  min¬ 
eral  is  called  apatite  and  is  of  igneous 
origin.  In  its  massive  form  apatite  is 
sometimes  referred  to  as  "phosphorite.” 

Two  varieties  of  apatite  have  been  rec¬ 
ognized,  a  fluor-apatite — and  this  is  the 


form  usually  found — whose  chemical 
composition  is  represented  by  the  for¬ 
mula  Ca3(P04)2.CaF2  or  Cau^PO^, 
and  a  chlor-apatite  having  the  formula 
Ca3(P04)2.CaCl2.  Both  of  these  com¬ 
pounds  exist  in  a  submicrocrystalline 
condition.  The  fluorine  contributes  to 
the  insolubility  of  phosphate  deposits 
and  seems  to  be  essential  to  their  pres¬ 
ervation  through  the  ages.  In  some 
soils,  particularly  those  of  an  acid  na¬ 
ture,  titanium,  iron  and  aluminum 


Fig.  53.  Dr.  Cyril  G.  Hopkins, 
formerly  Chief,  Department  of 
Agronomy,  University  of  Illinois. 
He  was  a  great  advocate  of  the  use 
of  phosphate  rock  and  a  proponent 
of  a  permanent  system  of  agri¬ 
culture.  (Courtesy,  Illinois  Agri¬ 
cultural  Experiment  Station.) 


phosphates  may  be  found  in  varying 

quantities.  These  phosphates,  when  present  in  the  soil,  would  be  classed 
as  secondary  soil  minerals. 

Phosphates,  as  they  are  found  in  the  larger  deposits,  are  amorphous 
and  may  occur  in  the  compact,  concretionary,  or  eatthy  forms.  These 
forms  are  commonly  referred  to  as  rock  or  boulder  phosphate,  pebble 
phosphate,  and  soft  phosphate,  respectively.  The  terms  "rock  phosphate" 
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and  "phosphate  rock"  are  synonomous  and  are  usually  used  as  blanket 
terms  to  refer  to  any  mined  phosphates. 

Phosphate  deposits  may  be  classified  roughly  as  residual,  replacement, 
or  sedimentary.  Residual  phosphates,  such  as  the  Tennessee  brown  phos¬ 
phate,  are  derived  from  beds  of  phosphatic  limestone.  Replacement 
phosphates,  such  as  the  Nauru  and  Ocean  Island  phosphates,  are  lime¬ 
stones  that  have  been  phosphatized  or  changed  to  calcium  phosphate  by 
the  action  of  phosphate-bearing  solutions  derived  from  guanos  or  other 
organic  sources.  Sedimentary  phosphate  deposits  are  those  that  have 
accumulated  as  sediments  and  later  have  become  interbedded  with  other 
rocks,  usually  limestones  and  shales.  Such  deposits  are  found  extensively 
in  North  Africa,  and  they  constitute  also  the  Florida  Land  Pebble  and  the 
phosphates  of  the  western  United  States.  They  furnish  the  principal 
phosphate  rock  of  commerce. 

It  is  generally  conceded  by  geologists  that  the  larger  deposits  of 
calcium  phosphate,  which  are  the  sedimentary  deposits,  are  of  organic 
origin.  Such  deposits  have  been  laid  down  on  the  floor  of  the  sea.  Sea 
water  carries  a  trace  of  phosphate,  and  this  phosphate  is  drawn  upon  by 
marine  organisms  and  stored  away  in  their  bodies.  Upon  death  the  remains 
of  these  organisms  collect  on  the  floor  of  the  sea,  and  the  phosphatic 
content  is  concentrated  through  the  decay  of  the  organic  matter  and  the 
loss  of  part  of  its  soluble  carbonates.  In  some  cases  beds  of  phosphatic 
limestone  which  have  been  formed  in  this  manner  have  been  raised  above 
the  surface  of  the  sea  and  their  phosphate  content  still  further  concentrated 
through  the  leaching  of  the  more  soluble  of  their  carbonates.  It  is  be¬ 
lieved  that  it  was  in  such  a  manner  that  the  phosphates  of  the  southeastern 
part  of  the  United  States  originated.  Many  bones  and  teeth  of  prehistoric 
fish  may  still  be  found  in  some  of  these  deposits.  The  amorphous  forms 
of  phosphate  lack  such  evidences  of  organic  origin  and  are  often  referred 
to  as  "mineral  phosphate,"  although  this  term  is  sometimes  used  to 

designate  any  type  of  phosphate  rock. 


World  Deposits  of  Phosphates 

Deposits  of  phosphate  of  economic  importance  have  been  found  on 
every  Continent  ^nd  on  many  of  the  islands  of  the  sea.  In  t  e  Unned 
States  deposits  of  workable  size  are  known  to  exist  in  Arkansas,  Flori  , , 
ulo  Kentucky  Montana,  South  Carolina,  Tennessee,  Utah,  and  Wyo¬ 
ming  Outside  the  United  States,  the  most  important  deposits  now  being 
worked  are  in  Algeria,  Morocco,  Tunisia,  and  Russia. 


Phosphate  Deposits  of  Florida 
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Phosphate  Deposits  of  Florida 


The  phosphate  deposits  of  Florida  belong  to  the  Later  Tertiary  period 
and  are  located  in  the  northwest  central  part  of  the  state.  They  were  dis¬ 
covered  in  1881.  These  deposits  were  first  mined  near  Arcadia  on  the 
Peace  River  as  early  as  1887,  by  Col.  T.  S.  Menchald.  The  phosphates 
which  they  yield  vary  widely  as  to  their  physical  and  chemical  char¬ 
acteristics.  Four  types  of  phosphate  are  recognized:  (l)  Hard  Rock  phos¬ 
phate;  (2)  Soft  phosphate;  (3)  Land  Pebble  phosphate;  and  (4)  River 
Pebble  phosphate. 

Florida  Hard  Rock  phosphate,  or  what  is  sometimes  called  "boulder 
phosphate,’’  occurs  in  irregular  pockets  as  hard  phosphorite  of  many 
sizes  embedded  in  clay,  sand,  or  Soft  phosphate.  The  deposits  range  in 
thickness  from  a  few  inches  to  a  hundred  feet.  In  mining,  the  boulders  and 
pebbles  are  separated  from  their  matrix  by  washing.  Florida  Hard  Rock 
phosphate  is  by  far  the  best  grade  of  phosphate  that  is  produced  in  this 
country.  As  it  contains  a  low  content  of  iron,  aluminum  and  fluorine  it  is 
especially  suited  for  the  manufacture  of  superphosphates.  In  addition 
it  carries  from  78  to  80  per  cent  of  tricalcium  phosphate.  For  these  reasons 
it  has  always  been  in  great  favor  among  foreign  buyers. 
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F.G.  54.  Hopewell  phosphate  mine.  Coronet  Phosphate  " 

Florida.  (Courtesy.  Dr.  G.  R.  Mansfield.3)117’  P'ant 


152 


Sources  and  Use  of  the  Mineral  Phosphates 


Florida  Soft  phosphate  usually  contains  considerable  quantities  of 
calcium  carbonate  and  clay,  and  for  that  reason  the  tricalcium  phosphate 
content  ranges  only  from  40  to  60  per  cent.  It  is  powdery  when  dry  but 
when  wet  it  is  very  sticky.  It  is  generally  considered  to  be  a  replacement 
phosphate.  Individual  deposits  of  Soft  phosphate  of  variable  size  are 
found  in  both  the  Hard  Rock  and  the  Land  Pebble  areas. 

When  Hard  Rock  and  Land  Pebble  phosphates  are  prepared  for  the 
market,  the  Soft  phosphate  which  is  present  in  their  matrix  is  washed  into 
waste  ponds  where  it  settles  out  with  the  clay  and  other  impurities.  These 
abandoned  waste  ponds  contain  a  considerable  tonnage  which  is  being 
recovered  to  some  extent  for  use  as  a  fertilizer.  This  material  is  marketed 
under  the  name  of  "colloidal  phosphate,”  "mineral  colloids,”  and  "Phos 
Cal  Oids,”  but  is  also  known  to  the  industry  as  "  waste  pond  phosphate.” 
It  contains  only  18  to  23  per  cent  of  tricalcium  phosphate  of  which  2  to 
3  per  cent  might  be  classed  as  available.  Because  of  the  fineness  of  Soft 
phosphate  exorbitant  claims  have  been  made  as  to  its  availability  to  crops. 
Because  of  this,  unfortunately,  much  Soft  phosphate  has  been  sold  to 


farmers  in  recent  years  at  prices  far  above  its  actual  value. 

Deposits  of  Florida  Land  Pebble  phosphate  lie  south  of  the  Hard  Rock 
region,  largely  in  Polk  and  Hillsborough  counties.  This  phosphate  occurs 
as  light  gray  to  black  pebbles  mixed  with  clay  and  sand.  The  deposits 
have  been  formed  by  wave  action  on  phosphate-bearing  formations.  Land 
Pebble  phosphate  is  not  as  hard  as  the  Hard  Rock  phosphate,  nor  is  it  of  as 
high  a  grade.  It  contains  from  68  to  75  per  cent  of  tricalcium  phosphate 
but  frequently  carries  5  to  6  per  cent  of  iron  and  aluminum  oxides.  The 
deposits  are  mined  entirely  by  the  hydraulic  method,  but  the  overburden 
is  removed  to  a  considerable  extent  by  dragline  excavators.  They  are  the 
most -extensively  mined  deposits  in  America  and  comprise  over  95  per¬ 
cent  of  the  Florida  phosphate  rock  production. 

Florida  River  Pebble  phosphate  deposits  represent  stream  deposits  o 
mixed  phosphate  pebbles,  sand,  and  clay.  They  were  among  the  firs 
deposits  to  be  mined,  but  as  they  yield  a  low-grade  phosphate  their 

exploitation  practically  ceased  in  1908.  ohosohate 

The  composition  of  three  representative  samples  of  Florida  phosp 

transportation  and  ^  country’s  produc- 

Since  1894  they  have  easily  maintained 


Phosphate  Deposits  of  Tennessee 
Table  37 

Analysis  of  Representative  Samples  of  Florida  Phosphate  Rock 
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Hard  Rock 
Phosphate 
( per  cent) 

Land  Pebble 
Phosphate 
( per  cent ) 

Insoluble  (S1O2) . 

2.03 

4.78 

Ferric  oxide  (Fe203) . 

0.10 

4.15 

Aluminum  oxide  (AI2O3) . 

2.30 

Calcium  oxide  (CaO) . 

51.45 

Carbon  dioxide  (CO2)  . 

2.45 

Phosphoric  acid  (P2O5) . 

35.52 

34.43 

Tricalcium  phosphate  (Ca3(P04)2) .  . 

77.50 

74.85 

River  Pebble 
Phosphate 
( per  cent ) 


0.83 

1.37 
45.69 

6.37 
28.47 
61.77 


tion  of  phosphate  rock  because  of  their  uniformity  of  grade,  regularity  of 
occurrence  and  low  cost  of  production.  Not  only  have  the  Florida  phos¬ 
phates  been  able  to  compete  with  other  phosphates  in  European  markets, 
but  Florida  phosphates  are  shipped  also  to  the  newer  markets  of  South 
Africa,  New  Zealand,  and  Australia. 


Phosphate  Deposits  of  Tennessee 

The  phosphate  deposits  of  Tennessee  belong  to  the  Ordovician  and 
evontan  periods.  They  were  first  discovered  in  1893.  These  deposits 
occur  as  very  hard  and  compact  rock,  which  are  in  contrast  to  the  loose 

“re  f  ph°SPhates  of  Florida.  They  may  be  classified  as  Blue 
Brown  and  White  phosphates. 

The  Tennessee  Blue  phosphate  was  first  discovered  in  Htckman 
County,  Tennessee,  ,n  1893  and  mining  began  in  1894,  but  operates 
were  suspended  in  1896  after  the  discovery  of  the  Brown  phosphate  In 
recent  years  a  few  mines  have  been  opened,  but  only  one  mine  fs  now  in 

rock  phosphate,  and  are  found  in  the  counties  of  M  T’  b  k 

Lewis.  The  beds,  consisting  largely  of  deposits  of  T’  H‘ckman*  and 
phosphate,  range  from  1  to  4  feet  in  thickness  and 

Tennessee  Brown  phosphate  deposits  are  found  in  he  cen  t  r 

They  represent  a  residua,  deposit  of  ph^pTatiKS “ "d ‘“d 
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Fig  55  Phosphate  drag  line,  T.V.A.  Phosphate  mining  operations.  (Courtesy, 

Tennessee  Valley  Authority.) 


from  open  surface  pits.  There  are  three  types  of  the  Tennessee  Brown 
phosphate:  (l)  a  dense  grayish  lump  rock  analyzing  76  to  82  per  cent  o 
tricalcium  phosphate;  (2)  a  cellular  rock  resembling  brown  sandstone  and 
analyzing  72  to  76  per  cent  of  tricalcium  phosphate;  (3)  a  soft  blackish- 
Cwn  muck  analyzing  72  per  cent  and  lower  of  tricalc, urn  phosph^ 
Although  the  reserves  of  high-grade  Brown  rock  phosphate  in  Tennessee 
are  becoming  depleted,  the  low-grade  deposits,  because  of  their 
with  reference  to  the  fertilizer  consuming  centers,  will  probably  be  a 
m  compete  in  the  domestic  market  for  some  time  to  come. 

Deposits  of  Tennessee  White  phosphate  are  found  Pe-y  an  Decatur 
counties  They  are  of  more  recent  origin  than  the  Brown  and  Blue  phos 
phates  In  appearance  the  White  phosphate  resembles  very  much  the 
Hard  Rock  phosphate  of  Florida.  Although  the  deposits  o  1  P 

“X  72  to  90  f*‘ 

..p. 
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(1940)  estimates  the  White  phosphate  reserves  of  Tennessee  to  be  only 
15,000,000  tons. 

Phosphate  Deposits  of  South  Carolina 

The  phosphate  deposits  of  South  Carolina  are  confined  largely  to  an 
area  of  about  30  miles  in  width  which  extends  from  Beaufort  to  a  point 
about  20  miles  north  of  Charleston. 

Interest  was  attracted  to  these  phosphate  deposits  as  early  as  1795,  but 
the  true  nature  of  the  material  probably  was  not  realized  until  about  the 
middle  of  the  nineteenth  century.  Mining  was  first  begun  in  1868  and  the 
first  small  cargo  of  rock  was  shipped  during  that  year. 

In  general,  the  deposits  occur  as  nodules  and  boulders  embedded  in  a 
matrix  of  sand  and  clay.  These  deposits,  like  those  of  Florida,  belong  to 
the  Tertiary  period  and  contain  petrified  bones  and  the  teeth  of  terrestrial 
and  marine  animals.  The  deposits  vary  from  1  to  3  feet  in  thickness,  but  do 
not  average  much  over  a  foot,  so  that  they  are  mined  largely  by  means  of 
grab  buckets.  The  nodules  vary  in  size  from  mere  pebbles  to  masses 
weighing  a  ton  or  more.  They  vary  in  color  from  brown  to  dark  gray.  The 
darker  materials  are  the  hardest  and  contain  the  highest  percentage  of 
tricalcium  phosphate.  Some  of  the  deposits  are  found  in  the  beds  of  rivers 
and  must  be  mined  by  dredging.  Such  phosphate  is  referred  to  as  "River 
phosphate.”  Similar  material  that  is  mined  on  land  is  called  "Land  phos¬ 
phate.”  The  River  phosphate  occurs  largely  in  loose  fragments  of  nodular 
aspect,  which  have  accumulated  in  irregular  banks  on  the  river  bottoms. 
These  beds  are  made  up  of  the  original  phosphatized  marl  together  with 
fragments  of  phosphate  which  have  been  derived  from  the  land  deposits. 
After  the  South  Carolina  phosphate  has  been  dug  or  dredged  it  is  dried, 
ground  if  necessary,  and  in  this  condition  it  is  ready  to  be  marketed. 

South  Carolina  phosphate  is  very  free  from  iron  and  aluminum  so  that 
from  this  standpoint  it  is  suitable  for  use  in  the  production  of  the  super¬ 
phosphates.  On  the  other  hand,  it  analyzes  only  53  to  65  per  cent  of 
tricalcium  phosphate.  This  low  analysis  did  not  act  as  a  barrier  to  its  sale 
during  the  earlier  years  when  there  was  no  competition  with  phosphates  of 
higher  analysis,  but  with  the  discovery  of  the  high-analysis  phosphates  of 
Florida  and  Tennessee,  South  Carolina  phosphates  entered  a  period 
of  severe  competition  which  ended  in  the  total  suspension  of  production. 

South  Carolina  phosphate  played  an  important  part  in  supplying  the 
demand  for  phosphate  during  the  early  years.  The  entire  American  phos¬ 
phate  production  from  1868  to  1888  was  secured  from  these  deposits. 
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Fig.  56.  Phosphate  plant  at  Mulberry,  Florida,  of  the  International  Minerals 
and  Chemical  Corporation.  (Courtesy,  International  Minerals  and  Chemical 
Corporation.) 

During  this  period  South  Carolina  furnished  90  per  cent  of  the  world’s 
supply  of  phosphate  rock.  In  1888  the  Florida  production  was  only  about 
3,000  long  tons,  but  by  1894  production  had  increased  to  527,000  long 
tons— a  larger  production  than  that  of  South  Caiolina.  In  1899  the  produc¬ 
tion  of  phosphate  rock  in  Tennessee  also  surpassed  the  production  in 
South  Carolina.  From  about  this  time  the  production  of  South  Carolina 
phosphate  gradually  decreased  until  it  ceased  entirely  in  1925.  There  was 

no  production  during  1921,  1923,  and  1924. 

The  composition  of  representative  samples  of  South  Carolina  phos¬ 
phate,  as  given  by  Rogers  (1915),  is  shown  in  the  accompanying  table. 

Table  38 


Analysis  of  Representative  Samples  of  South  Carolina  Phosphate 

Rock 


hand  Rock 
( per  cent ) 

River  Rock 
( per  cent) 

13-03 

1330 

0.40 

Aluminum  oxide  •  . 

1.38 

Ferric  oxide  (,re2G»3,) . 

Calcium  oxide  (CaO) . 

39-10 

27.23 

25.14 

Phosphoric  acid  . 

1.45 

.  3.61 

Sulfur  trioxide  . 

3.05 

Carbon  dioxide  (CU2J . 

Tricalcium  phosphate  (Ca3(P04)j)  •  •  •  • 

59-44 

54.88 
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Phosphate  Deposits  of  the  Western  States 

Phosphate  Deposits  of  Kentucky  and  Arkansas 

The  phosphate  deposits  of  Kentucky  are  similar  to  the  Brown  rock 
phosphate  deposits  of  Tennessee.  Their  phosphate  content  varies  from  60 
to  75  per  cent  of  tricalcium  phosphate.  All  Kentucky  mines  ceased  pro¬ 
ducing  in  1926. 

The  phosphate  deposits  of  Arkansas  are  located  in  the  northern  part  of 
the  state  and  belong  to  the  Ordovician  age.  They  are  of  sedimentary 
origin.  They  are  dark  in  color  and  are  referred  to  often  as  "Black  phos¬ 
phate."  Although  small  deposits  of  high-grade  rock  have  been  discovered, 
the  phosphate  content  of  the  average  rock  is  low. 

Phosphate  Deposits  of  the  Western  States 

The  phosphate  deposits  of  the  western  states  belong  to  the  Carbonifer¬ 
ous  period.  They  appear  to  be  a  precipitate  resulting  from  a  reaction 
between  phosphoric  acid  and  calcium  carbonate  in  the  marine  waters  of  the 
Permian  Sea.  The  deposits  occur  in  beds  ranging  from  2  to  6  feet  in  thick¬ 
ness  and  are  overlaid  by  limestone  and  phosphatic  shales.  Some  of  the  rock 
is  readily  crushed,  whereas  some  is  very  hard.  The  phosphates  of  these 
deposits  vary  in  color  from  a  light  gray  to  a  jet  black.  The  phosphate 
content  of  the  workable  beds  varies  from  65  to  80  per  cent  of  tricalcium 
phosphate.  The  rock  is  mined  by  underground  methods.  Although  the 


Table  39 

Analysis  of  Representative  Samples  of  Phosphate  Rock  from  Wyoming,  Utah, 

Idaho,  and  Montana 


Wyoming 
( per  cent ) 

Utah 
( per  cent) 

Idaho 
( per  cent ) 

Montana 
( per  cent) 

Insoluble. 

Silicon  dioxide  (Si02) 

10.00 

9.40 

2.62 

0.46 

0.97 

0.40 

0.35 

48.91 

0.97 

6.00 

Aluminum  oxide  (AI-O3) 

Ferric  oxide  (Fe203) 

Magnesium  oxide  (MgO). 

0.89 

0.73 

0.28 

45.34 

1.10 

0.48 

6.00 

27.32 

1.59 

0.90 

0.33 

0.26 

46.80 

2.08 

0.58 

2.14 

32.05 

2.34 

1.10 

0.45 

Calcium  oxide  (CaO). . 

0.30 

Sodium  oxide  (Na20) 

Potassium  oxide  (K20) 

46.90 

Carbon  dioxide  (C02) 

Phosphoric  acid  (P>0-,) 

Sulfur  trioxide  (SOi) 

0.34 

2.42 

33.61 

2.20 

32.10 

Fluorine  (F)  . 

2.16 

2.10 

Tricalcium  phosphate  (Ca3(P04)z) 

0 . 60 

59.28 

0 . 66 
69.54 

0.40 

- - ■ — 

72.93 

70.10 
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Florida  phosphates,  as  well  as  the  Tennessee  Brown  phosphate,  require 
washing  before  they  are  marketed,  the  phosphates  of  the  western  deposits 
do  not. 

The  deposits  of  the  Western  States  were  first  discovered  in  Utah  in 
1889.  They  are  located  largely  in  southeastern  Idaho,  western  Wyoming, 
northern  Utah,  and  western  Montana.  Mining  operations  were  started  at 
Conda,  Idaho,  in  1920  but  the  western  deposits  are  mined  only  to  a  limited 
extent  because  they  are  far  removed  from  the  fertilizer  consuming  centers. 

In  Table  39  is  given  the  composition  of  representative  samples  of 
phosphate  rock  from  the  western  states,  as  reported  by  Gale  and  Richards 
(1910)  and  Pardee  (1917). 

Apatite  Deposits  of  Canada  and  Russia 

Canadian  deposits  of  phosphate  rock  are  mined  in  small  amounts 
largely  in  Ontario  and  Quebec.  These  deposits  are  made  up  of  the  mineral 
apatite  together  with  miscellaneous  impurities.  Because  this  phosphate 
contains  much  foreign  material,  and  because  it  is  difficult  to  mine,  the  cost 
of  production  usually  is  high. 

For  about  10  years  prior  to  World  War  II  large  quantities  of  apatite 
were  mined  annually  in  the  Kola  Peninsula  region  of  European  Russia  and 
exported  ro  European  countries  for  manufacture  into  superphosphates. 

Table  40 


Phosphate  Rock  Reserves  in  the  United  States 


Long  tons 

Eastern  Field: 

20,000,000 

5,081,839,000 

863,000 

8,798,000 

195,151,000 

South  Carolina . 

Tennessee 

Total . 

Western  Field: 

5,306,651,000 

5,736,335,000 

391,323,000 

1,741,480,000 

115,754,000 

7,984,892,000 

Wyoming . 

1 3,291,543,000 
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The  deposits  are  estimated  to  contain  two  billion  tons  of  high-grade 
apatite. 

Phosphate  Reserves  of  the  United  States 

The  phosphate  reserves  of  the  United  States,  as  estimated  by  Mansfield 
in  1940,  are  given  in  Table  40.  Mansfield  admits,  however,  that  further 
prospecting,  particularly  in  the  West,  may  uncover  other  deposits.  It  has 
been  estimated  that  our  phosphate  reserves  are  approximately  one-half 
of  the  world’s  reserve  of  phosphate. 

World  Production  of  Phosphate  Rock 

The  relative  importance  of  the  phosphate  deposits  of  the  world  from 
the  standpoint  of  present  exploitation  is  shown  in  Table  41. 


Table  41 

World  Production  of  Phosphate  Rock,  1936,  by  Countries, 

in  Metric  Tons 


Country 

Production 

Algeria . 

*>31  368 

Angaur . 

fiO  99/C 

Australia . 

1  7Q 

Austria . 

I/O 

1  nn 

Belgium* . 

l  nn  nnn 

Canadaf . 

A  *7  "7 

Christmas  Island  (Straits  settlements) 

4/  / 

161,468 

Egypt . 

Estonia.  .  .  . 

}ol,000 

France. . . . 

1 1,408 

Germany . 

40,000 

Indo  China. . . . 

198 

Japan . 

11,095 

Madagascar.  .  . 

110,668 

Makatea  Island  . 

4,500 

Morocco,  French . . 

130,759 

Nauru  and  Ocean  Islands 

l>^53,074 

Netherland  West  Indies:  Curasao 

y09,  /08 

110 

Netherland  East  Indies 

oi,l  iz 

Poland . . . 

1-2,071 

Russia. . . 

12,500 

Spain . 

2,21 3,786 

10,000 

Tunisia.  . . 

United  States. 

^>475,550 

Total . 

3,318, 242 

11,346,494 

*  Estimated, 
t  Apatite. 
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Figures  given  by  The  International  Superphosphate  Manufacturers 
Association  for  1936 — the  latest  year  for  which  figures  are  available — 
showed  that  the  world  production  of  phosphate  rock  just  prior  to  World 
War  II  was  somewhat  over  11,000,000  tons.  Of  this  total  about  30  per 
cent  was  produced  under  French  control,  31  per  cent  in  the  United  States, 
19  per  cent  in  Russia,  9  per  cent  under  British  control,  and  about  2  per 
cent  under  Japanese  control. 

Characteristics  of  Phosphate  Deposits  of  Foreign 

Countries 

From  Table  41  it  will  be  observed  that  the  North  African  deposits, 
which  include  the  phosphates  of  Tunisia,  Algeria,  and  Morocco,  produced 
just  prior  to  World  War  II  a  higher  percentage  of  the  world’s  phosphate 
output  than  did  those  of  the  United  States.  These,  as  well  as  the  Egyptian 
deposits,  are  largely  of  the  sedimentary  type.  The  highest  grade  material  is 
produced  in  Morocco,  and  has  been  produced  practically  as  a  monopoly  of 
the  French  government.  As  the  phosphates  of  northern  Africa  are  soft 
rocks,  practically  free  of  such  objectionable  impurities  as  iron,  aluminum, 
and  fluorine,  they  are  well  adapted  for  use  in  the  manufacture  of  super¬ 
phosphate.  Most  of  the  Egyptian  phosphate  is  of  too  low  a  grade  for 
export.  On  the  whole,  the  North  African  deposits  are  very  favorably 
located  with  respect  to  present  world  markets.  Because  of  this,  together 
with  their  high  grade,  they  have  been  in  recent  years  a  severe  competitor  of 
the  Florida  phosphates  in  European  markets. 

Phosphate  deposits  of  high-grade  material  are  located  on  numerous 
islands  of  the  world,  the  most  important  of  which  are  the  Nauru  and  Ocean 
Islands,  the  Gilbert,  Ellis,  and  Christmas  Islands,  all  British;  Makatea 
Island,  French;  Rosa  and  Angaur  Islands,  formerly  Japanese;  and  Curacao 
and  Aruba  Islands,  Dutch.  The  Pacific  Islands  generally  furnish  a  very  high 
grade  of  phosphate  rock.  Whole  cargoes  analyzing  as  high  as  88  per  cent 
of  tricalcium  phosphate  have  been  received  from  the  Ocean  Islands. 
These  islands,  however,  are  distant  from  the  large  markets. 

In  England,  France,  Russia  and  other  parts  of  the  world  may  be  found 
deposits  of  coprolites.  Coprolites  is  a  name  given  to  certain  phosphatic 
stones  about  the  size  of  fir  cones.  They  vary  in  color  from  gray  to  dark 
brown  and  contain  about  50  per  cent  of  tricalcium  phosphate.  They  are 
of  concretionary  origin.  At  one  time  they  were  supposed  to  be  the  fossil¬ 
ized  excrement  of  certain  extinct  reptiles.  The  deposits  are  only  of  loca 

importance. 
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The  Russian  phosphate  deposits,  including  those  of  southwestern 
Siberia,  are  of  enormous  extent  but  are  generally  of  a  very  poor  grade. 
These  beds  are  largely  of  sedimentary  origin. 

Deposits  of  phosphate  rock  of  varying  size  and  grade  are  found  also  in 
Spain,  France,  Belgium,  Germany,  England,  Palestine,  China,  Japan, 
Australia,  New  Zealand,  West  Indies,  Peru,  and  Chile. 

World  Reserves  of  Phosphate 

Table  42  gives  the  world  reserves  of  phosphate  rock  by  countries  as 
estimated  in  1926  by  Mansfield,  of  the  United  States  Geological  Survey. 
These  figures  were  intended  only  to  give  a  general  picture  of  the  phos¬ 
phate  reserves  at  the  time  the  estimate  was  made.  If  an  estimate  of  the 
world  reserves  of  phosphate  rock  were  made  today  (1947)  account  would 
have  to  be  taken  of  the  tremendous  deposits  recently  opened  up  and 
exploited  in  Russia,  and  of  new  deposits  found  to  be  in  existence  in 
Florida.  Otherwise,  the  information  regarding  world  phosphate  reserves 
would  remain  very  much  as  given  in  Table  42. 


Table  42 

World  Reserves  of  Phosphate  Rock 


Country 

Reserves 
( metric  tons) 

Grade 
( per  cent) 

United  States . 

6,431,000,000 

1,000,000,000 

1,452,000,000 

1,400,000,000 

179,000,000 

140,000,000 

10,000,000 

3,000,000 

3,000,000 

4,000,000 

60-70  + 

58-68 

58-68 

70-78 

60  + 

80-88 

80  + 

80  + 

75 

47-80  + 

Tunisia . 

Algeria .... 

Morocco . 

Egypt . 

Nauru  &  Ocean  Islands. 

Makatea  Islands.  . 

Angaur  Island. . 

Rosa  Islands . 

Palestine.  .  . 

Total  high  grade 

10,622,000,000 

Generally  60  + 

Russia .  .  . 

5,568,000,000 

10,000,000 

667,000,000 

Less  than  50 

Less  than  50 

Less  than  50 

Spain  (Murcia). 

Siberia .  . 

Total  low  grade 

Grand  total. 

6,245,000,000 

Less  than  50 

16,867,000,000 
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World  Consumption  of  Phosphate  Rock 

The  United  States  normally  consumes  a  larger  amount  of  phosphate 
rock  than  any  other  country.  In  Europe,  France,  Italy,  and  Russia  are 
the  largest  consumers.  Japan  is  the  only  important  consumer  of  phosphate 
rock  in  Asia. 

Although  the  American  deposits  of  phosphates  have  for  years  been 
used  to  maintain  the  crop  yield  of  both  Europe  and  America,  the  reserve 
supplies  of  phosphate  rock  in  this  country  can  still  be  measured  in  billions 
of  tons.  Nevertheless,  the  richer  deposits  of  Tennessee  Brown  rock  and 
the  better  grades  of  Florida  Hard  Rock  are  nearly  exhausted.  The  deposits 
of  Montana,  Wyoming,  Idaho  and  Utah  will  probably  remain  practically 
untouched  until  the  cost  of  production  in  Florida  and  Tennessee  rises 
to  such  a  point  that  the  western  phosphates  can  compete. 

Although  the  reserve  supplies  of  phosphate  in  the  United  States  are 
enormous,  they  should  be  conserved  to  the  fullest  extent.  Proper  mining 
operations,  proper  safeguards  with  reference  to  exportations,  and  proper 
use  as  fertilizer  materials,  are  the  goals  toward  which  all  should  work. 


Characteristics  of  Marketed  Phosphate  Rock 

Phosphate  rock,  after  having  been  separated  so  far  as  profitable  from 
the  impurities  it  contained  when  mined,  is  usually  crushed  or  ground 
before  it  is  marketed.  The  Florida  Soft  phosphate  and  some  of  the  small 
pebble  phosphates  are  sold  as  mined,  without  further  treatment.  Finely 
ground  phosphate  rock  is  commonly  referred  to  as  "floats.”  The  name 
floats  was  originally  given  to  the  fine  dust  that  was  formed  when  phos¬ 
phate  rock  was  ground,  but  at  the  present  time  the  name  is  often  applied 
to  any  unacidulated  ground  phosphate  rock.  Floats  as  found  on  the  mar¬ 
ket  is  a  heavy,  finely  ground  powder,  often  light  gray  in  color.  The  mate¬ 
rial  is  only  slightly  soluble  in  pure  water,  but  its  solubility  is  increased  in 
water  carrying  acids,  the  degree  of  solubility  depending  upon  the  kind  and 

the  strength  of  the  acid.  f 

In  recent  years  economic  pressure  has  resulted  in  the  marketing  of  a 
better  quality  of  floats.  This  has  been  brought  about  by  the  more  efficient 
removal  of  impurities  from  the  phosphate  rock  by  mechanical  means. 


Chemical  Composition  of  Ground  Phosphate  Rock 


The  ground  phosphate  rock  found  on 
tion,  depending  upon  its  source,  but  it 


the  market  varies  in  its  composi- 
generally  contains  30  to  40  per 


Soils  Adapted  to  the  Use  of  Ground  Phosphate  Rock 


163 


cent  of  phosphoric  acid  and  3  to  4  per  cent  of  fluorine,  and  in  addition 
varying  amounts  of  lime.  The  presence  of  fluorine  in  phosphate  rock 
greatly  influences  the  availability  of  its  phosphoric  acid  to  plants.  This  has 
been  shown  by  Bartholomew  (1935)  and  others.  Jacobs  et  al.  (1933) 
showed  that  domestic  phosphate  rock  contains  no  significant  quantity  of 
phosphoric  acid  soluble  in  a  neutral  ammonium  citrate  solution,  and  that 
less  than  30  per  cent  of  the  total  phosphoric  acid  is  soluble  in  a  2  per  cent 
citric  acid  solution. 

As  the  market  price  per  ton  of  ground  phosphate  rock  is  usually  less 
than  half  that  asked  for  ordinary  superphosphate,  and  as  the  ground  phos¬ 
phate  rock  carries  twice  as  much  phosphoric  acid  as  ordinary  superphos¬ 
phate,  ground  phosphate  rock  as  a  carrier  of  phosphoric  acid  often  appears 
attractive  for  use  on  soils  to  which  it  is  suited. 


Influence  of  Fineness  of  Grinding  of  Phosphate  Rock 
on  Its  Availability 

As  might  be  expected,  the  degree  of  fineness  to  which  the  phosphate 

rock  is  ground  influences  its  availability  to  plants.  The  more  finely  the 

material  is  ground  the  greater  is  the  surface  of  the  material  exposed  to  the 

soil  solvents,  and  thus  greater  becomes  the  quantity  of  phosphoric  acid 

that  goes  into  solution.  Conner  and  Adams  (1926)  found  that  reground 

ennessee  phosphate  rock  was  7.7  per  cent  more  effective  than  commercial 

nely  ground  Tennessee  phosphate  rock,  but  they  concluded  that  it  would 

not  be  profitable  to  grind  phosphate  rock  finer  than  it  is  ground  in  its 

commercial  form;  that  is,  finer  than  necessary  to  pass  through  a  100-mesh 

sieve.  Mooers  (1929).  of  the  Tennessee  Experiment  Station,  came  to  he 
same  conclusion. 


boils  Adapted  to  the  Use  of  Ground  Phosphate  Rock 

Results  secured  at  many  experiment  stations  indicate  that  eround 

LihchaT  T  glVT  brter  feSUltS  With  SOme  Cr°Ps  whe"  appliedfo  acid 
soils  than  when  applied  to  neutral  cnilc  i  ,  ,  v 

changes,  forming  compounds  which  are  avalkWe^ f  chemical 
chemical  reacnons.  Ir  appears,  koweT,  Z^I 
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if  the  availability  of  phosphate  rock  is  to  be  greatly  increased.  Bartholomew 
(1937)  concluded  from  vegetative  tests  and  from  the  amount  of  phos¬ 
phorus  absorbed  by  plants,  that  only  on  extremely  acid  soils  does  the 
acidity  of  the  soil  materially  increase  the  availability  of  phosphorus  in 
phosphate  rock.  Phosphate  rock  is  a  poor  source  of  phosphorus  for  those 
crops  that  are  adapted  to  alkaline  soils  such  as  are  commonly  grown  in  the 
western  United  States. 

Soils  that  contain  high  percentages  of  organic  matter,  particularly 
readily  decomposable  organic  matter,  are  better  suited  for  the  application 
of  ground  phosphate  rock  than  are  soils  containing  medium  or  low  per¬ 
centages  of  organic  matter.  Thus,  acid  peat  and  muck  soils  are  often  par¬ 
ticularly  adapted  to  the  use  of  phosphate  rock,  as  they  contain  a  high 
percentage  of  organic  matter  and  are  sometimes  very  acid.  This  has  been 
demonstrated  experimentally  on  the  acid  peat  soils  of  northern  Germany. 
Phosphate  rock  is  supposed  to  be  made  available  largely  through  the  ac¬ 
tion  of  carbonic  and  nitric  acids  on  the  phosphate,  probably  as  follows. 


Ca3(P04)2  +  4H2C03  =  CaH4(P04)2  +  2CaH2(C03)2 
Ca3(P04)2  +  4HN03  =  CaH4(P04)2  +  2Ca(N03)2 

Excellent  results  with  ground  phosphate  rock  have  been  secured  also 
by  Hopkins,  at  the  Illinois  Experiment  Station,  on  the  brown  and  black 
clay  loams  of  the  Corn  Belt  which  are  high  in  organic  matter.  Expen- 


Fig.  57.  Mining  Florida  phosphate. 
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mental  evidence  indicates  that  ground  phosphate  rock  should  not  be 
applied  to  light,  open,  sandy  soils  unless  large  quantities  of  farmyard  or 
green  manure  also  are  incorporated  in  the  soil.  Rather  disappointing  results 
have  been  obtained  where  floats  have  been  applied  to  open,  drouthy  soils 
containing  small  amounts  of  organic  matter. 

Thor  (1933)  found  that  the  downward  movement  of  phosphorus,  fol¬ 
lowing  an  application  of  phosphate  rock,  was  greater  in  open-textured 
soils.  He  found  an  appreciable  movement  of  phosphoric  acid  into  the 
8-  to  16-inch  and  the  16-  to  24-inch  horizons  of  open-textured  soils.  He 
believes  that  the  phosphate  rock  was  carried  down  by  gravitational  water 
and  that  the  movement  was  largely  mechanical. 


Plants  Capable  of  Utilizing  Ground  Phosphate  Rock 

It  has  been  shown  abundantly  that  plants  vary  in  their  physiological 
ability  to  secure  phosphorus  from  phosphate  rock.  Legumes  appear  to 
utilize  the  phosphorus  of  phosphate  rock  better  than  do  most  other  crops, 
a  characteristic  that  may  be  correlated  with  the  fact  that  legumes  utilize 
large  quantities  of  both  calcium  and  sulfur.  Plants  that  have  a  long  grow¬ 
ing  season  are  usually  capable  of  securing  more  phosphorus  from  phos¬ 
phate  rock  than  are  plants  that  have  a  short  growing  season.  It  might  be 
expected  that  the  character  and  extent  of  the  root  systems  of  plants  would 
e  correlated  with  their  ability  to  secure  nutrients  from  phosphate  rock 
but  such  a  relationship  has  not  been  found.  Plants  that  are  recognized  as 
good  foragers,  such  as  millet  and  sweet  clover,  generally  utilize  phosphate 


Table  43 


on  Superphosphate 


With  low  feeding  power: 

With  high  feeding  power: 

Plant 

Relative  Growth 

Plant 

Relative  Growth 

Red  clover 

Wheat 

33.3 

Rape. 

54.1 

62  ^ 

Oats .  .  . 

34.4 

Alfalfa. 

Corn 

41.5 

Rye 

/C/C  O 

Timothy 

41.9 

Buckwheat 

79  1 

Soybeans 

45.2 

47.7 

Red  top 

Red  sorrel. 

Id. .  I 

72.3 

Sweet  clover 

82.9 

83.0 
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rock  to  a  better  advantage  than  poor  foragers,  such  as  cabbage,  root  crops, 
and  cotton.  Buckwheat,  turnips,  red  top  and  sweet  clover  possess  a  very 
strong  ability  to  use  phosphate  rock,  while  corn  and  oats  have  compara¬ 
tively  weak  powers  in  this  direction.  Because  of  their  ability  to  utilize  the 
phosphorus  of  phosphate  rock,  it  may  often  be  practical  to  grow  and  turn 
under  such  crops  as  buckwheat,  rape,  or  sweet  clover  as  green-manuring 
crops  after  an  application  of  phosphate  rock.  In  this  way  the  phosphorus 
of  phosphate  rock  may  be  made  more  quickly  available  for  succeeding 
crops  which  otherwise  could  not  utilize  phosphate  rock  so  readily. 

Bauer  (1921)  has  determined  the  relative  capacities  of  a  number  of 
plants  to  feed  upon  phosphate  rock  and  superphosphate.  His  results 
are  given  in  Table  43,  and  are  expressed  as  percentage  of  growth  pro¬ 
duced,  as  compared  with  the  growth  produced  following  the  use  of 
superphosphate. 


Influence  of  Liming  on  the  Availability  of  Phosphate 

Rock 

The  application  of  lime  to  a  soil  to  which  phosphate  rock  has  been 
applied  retards  the  processes  by  which  the  phosphate  rock  is  converted 
into  a  more  available  form.  This  has  been  noted  by  Scarseth  and  Tidmore 
(1934),  Salter  and  Barnes  (1935)  and  others.  Conner  and  Adams  (1926) 
are  of  the  opinion  that  this  may  be  accomplished  either  by  the  bringing 
about  of  a  reversion  of  the  soluble  forms  of  phosphate  as  soon  as  they  can 
be  produced  in  the  soil,  or  by  a  more  rapid  absorption  of  the  carbon  diox¬ 
ide  of  the  soil  air  by  the  lime  than  by  the  floats,  thus  reducing  the  amount 
of  carbonic  acid  in  the  soil  solution.  The  latter  influence  would  take  place 
quickly  only  if  the  lime  used  was  freshly  burned  or  hydrated  If  the  lime  is 
applied  in  the  carbonate  form,  the  absorption  of  the  carbon  dioxide  takes 
place  more  slowly.  Nevertheless,  the  general  opinion  is  that  heavy  imng 

should  be  avoided  when  insoluble  phosphates  are  used. 

Some  investigators  have  reasoned  that  as  liming  increases  mm 
and  results  in  the  production  of  increased  quantities  of  carbonic  and  nitric 
acids  it  should  hasten  the  production  of  available  phosphoric  acid.  Rus 
(1 932 ^  howeVer,  thinks  it  is  doubtful  whether  insoluble  phosphates 
IS  into  solution  as  a  result  of  nitrification  when  calc, urn  car 
bonate  is  present.  McGeorge  (1935)  has  reported  that  the ,  red uct.on  »f  h 
Tj  of  ideation  water  by  the  addition  of  small  amounts  of  sulfur  c  act 
greatly1  increased  the  absorption  of  phosphorus  by  plants  from  a.kahne 

calcareous  soils. 


Influence  of  Accompanying  Salts 
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Influence  of  Acidity  and  Composition  of  Cell  Sap  on  the 
Availability  of  Phosphate  Rock 


Some  soil  workers  have  suggested  that  the  ability  of  plants  to  utilize 
insoluble  phosphates  may  depend  upon  the  internal  acidity  of  the  plant. 
Yet  hydrogen-ion  concentrations  of  plant  juices  have  been  determined 
by  Bauer  (1923)  and  others,  and  no  relationship  has  been  found  to  exist 
between  the  acidity  of  the  cell  sap  of  the  plant  and  the  availability  of  the 
phosphate  rock.  Buckwheat  and  sweet  clover,  which  are  generally  con¬ 
ceded  to  be  strong  feeders  on  phosphate  rock,  vary  widely  as  to  the  hydro¬ 
gen-ion  concentrations  of  their  cell  sap.  The  acidity  of  the  cell  sap  of 
buckwheat  varies  from  pH  1  to  pH  5,  while  the  acidity  of  the  cell  sap  of 
sweet  clover  varies  from  pH  6  to  pH  7. 

Truog  (1916),  of  the  Wisconsin  Experiment  Station,  has  presented 
some  data  indicating  that  plants  containing  a  relatively  high  calcium  oxide 
content  have  a  relatively  high  feeding  power  for  the  phosphorus  in  phos¬ 
phate  rock  and  vice  versa. 


NeHer  (1935)  found  that  crops  with  a  sap  relatively  high  in  phosphorus, 
when  grown  in  soils  receiving  no  treatment  with  a  phosphate  carrier' 
responded  unfavorably,  if  at  all,  to  additions  of  phosphorus. 

Considerable  work  of  fundamental  importance  bearing  upon  the 
oraging  power  of  plants  remains  to  be  done.  Bauer  (1923),  of  the  Illinois 
Experiment  Station,  believes  that  when  this  has  been  done  phosphate 
rock  will  be  more  highly  regarded  as  an  economic  source  of  phosphorus 
lor  crop  production  than  it  is  at  present  in  many  quarters 


Influence  of  Accompanying  Salts  on  the  Availability  of 
Cround  Phosphate  Rock 

Many  investigators  have  attempted  to  determine  the  influence  of 

availability  of  phosphate  rock  n  l  ^  u  T  Carbonate  decreases  the 

chlorides,  especially  muriate  of  potish  "av'e  been  rT^  **  “d 

availability  of  phosphate  rock.  Ba^er  (19301  fo  T  !  *  “  the 

had  a  very  marked  influx  93  )  found  that  ammonium  nitrate 

corn,  whereas  sodium  nitrate  on  the  availability  of  phosphate  rock  for 

(1933)  was  abletosecunreraanei„  "°  ‘"^nce.  Bartholomew 

-ough  concomitant 
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Availability  of  Phosphate  Rock  When  Mixed  with 
Manure 


Although  it  is  generally  thought  that  the  mixing  of  phosphate  rock 
with  manure  helps  to  render  the  phosphate  rock  somewhat  more  available 
to  plants,  the  evidence  for  such  a  conclusion  is  somewhat  confusing. 
Hartwell  and  Pember  (1912),  as  well  as  Tottingham  and  Hoffman  (1913), 
and  Brown  and  Warner  (1917),  in  this  country,  and  Th.  Remy  in  Germany, 
have  reported  experiments  indicating  that  the  efficiency  of  phosphate  rock 
is  not  materially  increased  by  mixing  it  with  stable  manure.  On  the  other 
hand,  Hopkins  (1910),  of  the  Illinois  Experiment  Station,  quotes  the  Ohio 
experiments  at  Wooster  to  prove  the  advantages  of  mixing  phosphate 
rock  with  manure.  However,  Bray  (1937),  of  the  Illinois  station,  believes 
that  the  beneficial  effects  which  have  been  reported  are  derived  from  the 
separate  effects  of  two  sources  of  phosphorus,  rather  than  from  the 
association  of  the  phosphate  rock  with  the  manure. 


Value  of  Phosphate  Rock  in  the  Reinforcing  of  Manure 

The  unbalanced  character  of  stable  manure  as  a  complete  fertilizer  has 
long  been  recognized.  Stable  manure  carries  too  much  nitrogen  in  propor 
non  to  its  phosphoric  acid  content.  The  addition  of  phosphates  to  manure 
aids  in  balancing  its  fertilizing  properties,  as  has  been  shown  by  the  well- 
known  Ohio  experiments.  In  the  following  table  is  given  an  average  of 
26-years'  results  secured  at  the  Ohio  Experiment  Station  (Wooster), 
showing  the  influence  of  this  practice,  as  reported  by  Williams  (1924). 


Table  44 


Comparative 


EFFECTS  OF  PHOSPHATE  ROCK  AND  SUPERPHOSPHATE  WHEN  APPUED 

with  Manure 


26-year  average  acre  yields: 

Treatment 

Corn  ( bu .) 

Wheat  (bu.) 

Clover  ( cwt .) 

67.7 

28.5 

48.97 

46.75 

Superphosphate  ana  manure . 

61 A 

27.3 

Phosphate  rock  and  manure . 

63  -6 

25.3 

40.71 

Gypsum  and  manure . 

61.8 

238 

41.51 

36.7 

14.1 

2y .  0/ 

In  this  experiment  phosphate  rock  and  superphosphate  were  mixed 
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Phosphate  Rock  When  Composted  with  Soil,  Manure,  and  Sulfur 

rate  of  8  tons  per  acre  and  the  phosphate  rock,  superphosphate,  and 
gypsum'applied  at  the  rate  of  40  pounds  per  ton  of  manure.  As  super¬ 
phosphate  contains  gypsum,  in  addition  to  calcium  phosphates,  plats 
were  included  to  which  gypsum  and  manure  were  added. 

Availability  of  Phosphate  Rock  When  Composted 
with  Soil,  Manure,  and  Sulfur 

Lipman  and  McLean  (1918),  of  the  New  Jersey  Experiment  Station, 
have  shown  that  under  farm  conditions  ground  phosphate  rock  can  be 
converted,  in  part,  to  a  more  available  form  by  composting  with  manure 
and  sulfur.  In  such  a  compost  the  sulfur-oxidizing  organisms  convert  the 
sulfur  to  sulfuric  acid,  which  in  turn  acts  upon  the  phosphate  rock  and 
converts  a  part  of  it  into  an  available  form.  In  Table  45  are  given  some 
results  of  composting  as  secured  by  Lipman  and  McLean. 


i  able  4j 


Influence  of  Composting  Phosphate  Rock  with 
Soil,  Manure,  and  Sulfur 


Composition  of  Combost 


3400  lbs.  soil. . . 
400  lbs.  floats . 
200  lbs.  sulfur. 


2800  lbs.  soil.... 
800  lbs.  floats .  . 
400  lbs.  sulfur. 


3200  lbs.  soil . 

200  lbs.  manure . 
400  lbs.  floats 
200  lbs.  sulfur. 


2600  lbs.  soil _ 

200  lbs.  manure. 
800  lbs.  floats .  . 
400  lbs.  sulfur. . 


3400  lbs.  soil _ 

200  lbs.  manure. 
400  lbs.  floats. . 


Total  Phosphoric 
Acid  Rendered 
Available  in  44 
Wks.,  Per  Cent 


75.87 


39.65 


75.87 


69  16 


4.09 
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At  the  New  Jersey  Experiment  Station  also  workers  have  shown 
that  the  amount  of  phosphate  rock  rendered  available  can  be  considerably 
increased  by  inoculating  the  compost  with  active  strains  of  sulfofying 
organisms. 

Noll,  Irvin,  and  Gardner  (1935)  have  reported  12-year  results  from  the 
Pennsylvania  Jordan  plats  showing  that  increased  yields  of  crops  resulted 
from  an  application  of  gypsum  or  flowers  of  sulfur  to  the  plats  treated  with 
phosphate  rock. 


Application  of  Ground  Phosphate  Rock 

The  Illinois  Experiment  Station  has  probably  had  more  practical 
experience  with  the  use  of  phosphate  rock  than  any  other  agricultural 
experiment  station  in  the  world.  Because  of  the  cheapness  of  phosphate 
rock  as  compared  with  other  carriers  of  phosphorus,  the  Illinois  Experi¬ 
ment  Station  has  conducted  a  very  active  propaganda  in  its  favor.  They 
recommend  that  1000  to  2000  pounds  of  the  phosphate  rock  be  applied 
once  every  three  or  four  years,  or  once  during  a  rotation  until  the  phos¬ 
phoric  acid  content  of  the  soil  has  been  raised  to  about  5,000  pounds  per 
acre.  It  should  be  maintained  at  this  level.  They  also  recommend  that  the 
phosphate  rock  be  ground  to  such  a  fineness  that  it  will  pass  through  a 
sieve  having  100  meshes  to  the  linear  inch,  or  10,000  meshes  to  the  square 
inch.  They  advise  that  the  phosphate  rock  be  broadcast  and  preferably 
turned  under  with  a  green-manuring  crop.  If  lime  is  to  be  applied  for  the 
same  crop,  they  recommend  that  it  be  broadcast  and  harrowed  into  the 
surface  layers  of  the  soil  after  plowing  under  the  phosphate  roc  . 

In  general,  ground  phosphate  rock  should  not  be  applied  in  small 
annual  applications.  It  may  be  applied  either  with  a  lime  spreader  or 
through  the  fertilizing  attachment  of  a  gram  drill.  Mooets  (1929).  of  the 


*  Influence  of  ground  phosphate  rock  on  the  growth  of  wheat.  (Courtesy 
,8.  Influence  g  V  cultonJ  Exper.ment  Station.) 


Consumption  of  Ground  Phosphate  Rock 
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Tennessee  Experiment  Station,  recommends  that  after  ground  phosphate 
rock  has  been  applied  for  two  rotations  the  rate  of  further  applications  may 
be  reduced  by  half.  He  thinks  that  when  the  price  of  superphosphate  is 
twice  as  much  per  ton  as  the  price  of  phosphate  rock  more  farmers  might 
well  consider  the  use  of  phosphate  rock.  This  station  has  reported  good 
results  from  the  use  of  ground  phosphate  rock  the  first  year  following 
application.  These  results  are  somewhat  contrary  to  the  results  secured  by 
many  of  the  other  southern  experiment  stations. 

It  is  very  probable  that  a  close  study  of  the  economics  of  fertilizer 
application  in  most  localities  of  the  United  States  will  reveal  the  fact  that 
under  average  conditions  it  is  more  profitable  to  apply  a  superphosphate 
than  phosphate  rock.  Thorne  (1919),  of  the  Ohio  Experiment  Station,  in 
summarizing  the  25-year  results  of  the  Wooster  Experiment  Stations  hows 
that  finely  ground  phosphate  rock  returns  a  profit  on  its  cost,  but  that  the 
effectiveness  of  superphosphate  is  so  much  greater  as  to  make  the  use  of 
the  phosphate  rock  relatively  unprofitable.  Nevertheless,  as  the  relative 
availability  of  the  phosphate  rock  is  influenced  by  a  number  of  factors,  the 
data  at  hand  do  not  justify  one  in  concluding  that  superphosphate  is  the 
more  economical  for  use  under  all  conditions. 

While  applications  of  phosphate  rock  may  aid  materially  in  building  up 
the  phosphorus  reserve  of  the  soil,  it  does  not  act  quickly,  and  immediate 
results  should  not  be  looked  for.  Furthermore,  the  criterion  of  good 
eru  ization  should  not  be  the  phosphorus  content  of  the  soil  but  rather 
the  response  of  the  crop.  When  a  comparison  of  the  value  of  phosphates  is 
made  by  the  farmer,  it  should  always  be  made  on  the  basis  of  equaL money 


Consumption  of  Ground  Phosphate  Rock 

roclfof iB  'iSh  COntent  0f  PhosPhoric  “id,  ground  phosphate 
rock  or  floats  has  not  been  used  extensively  as  a  fertilizer  in  any  section  of 

StatePe  °rr|Alf  ni^’  W"h  the  excePdon  of  the  com  Belt  states  of  the  United 

rock  were^used  fn01|S  “  1939  °n‘y  8<5>131  tons  °f  Phosphate 

rock  were  used  for  dtrect  appl, cation  to  the  soils  of  the  United  States  and 

half' ofth*  °  tllS  Came  fr°m  thC  Te-nnessee  Brown-rock  deposits  Over 

:r°“-  r  ■*  ^ 

be  too  slow  for  the  most  profitable  production of die  comnW  '° 
as  grown  under  average  conditions  common  farm  crops 
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Sources  and  Uses  of  Bone  Phosphate  and 

Basic  Slag 


Bones  are  known  to  have  been  employed  as  fertilizer  in  England  as  early 
as  1653.  In  fact,  their  value  as  a  fertilizer  material  appears  to  have  been 
recognized  in  England  much  earlier  than  in  any  other  country. 

Bone  fertilizers  have  always  been  held  in  higher  esteem  than  phosphate 
rock.  This  might  be  explained  in  part  by  the  fact  that  fertilizer  materials  of 
plant  or  animal  source  have,  for  a  long  time,  been  considered  to  be  supe¬ 
rior  to  those  of  an  inorganic  source. 


Sources  of  Bone 

During  the  latter  part  of  the  nineteenth  century  deposits  of  bone  were 
sought,  particularly  by  the  English,  and  collected  from  all  parts  of  the 
world  for  use  as  fertilizer.  Justus  von  Liebig  has  stated  that  even  sue  i 
battlefields  as  Leipzig,  Waterloo,  and  the  Crimea,  as  well  as  the  catacombs 
of  Sicily  served  for  a  time  as  sources  of  supply.  In  the  early  days  in  this 
country  large  quantities  of  buffalo  bones  were  collected  from  the  western 
plains  for  fertilizer  purposes.  At  present  the  principal  source  of  supp  y  o 
Lues  is  the  abattoirs,  although  small  amounts  of  waste  bone  are  secured 
from  the  manufacture  of  bone  buttons,  kmfe  handles,  and  similar  articles. 

Considerable  quantities  of  bones  are  shipped  to  Europe  from  t 
Argentine  and  India.  As  virulent  anthrax  organisms  have  sometimes  been 
discovered  on  old  bones  there  was  formerly  a  certain  amount  of  prejudice 
in  some  sections  against  the  use  of  raw  bonemeal.  Many  countries  tequ.re 
a  certificate  of  stenlization  before  cargoes  of  bone  may  be  imported. 

Chemical  Composition  of  Bone 

2*  i.  o.<ro.>,  ™. 

lizer  trade  as  B.  P.  L„  or  bone  phosphate  or  nn 
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Steamed  Bonemeal 
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(1942),  however,  have  presented  evidence  that  seems  to  indicate  that  the 
phosphate  found  in  bones  may  be  a  hydrated  tricalcium  phosphate  type  of 
compound  containing  sodium,  magnesium,  and  carbonate  as  essential 
constituents.  Apparently  it  is  an  apatite  whose  fluorine  has  been  replaced 
by  carbonate  and  whose  calcium  has  been  partially  replaced  by  magnesium 
and  sodium.  Klemet  (1938)  showed  that  while  the  apatitelike  unit  struc¬ 
ture  of  tricalcium  phosphate  hydrate  is  (Ca^PO^eO^O^  that  of  human 
bones  is  (Ca8.5oMgo.25Nao.i9)[(P04)5.o7(C03)i.24](H20)2.o-  Nevertheless, 
many  investigators  hold  that  the  phosphate  compound  of  bone  is  a 
hydroxyapatite.  The  organic  matrix  of  bone  is  made  up  largely  of  fatty 
substances,  but  it  also  contains  small  amounts  of  nitrogenous  compounds. 
The  amount  of  phosphoric  acid  and  nitrogen  contained  in  bone  depends 
upon  the  kind  and  the  age  of  the  bone.  As  a  general  rule  young  bones  con¬ 
tain  less  phosphoric  acid  and  more  nitrogen  than  older  bones.  Fluorine 
may  also  be  present  and  may  be  present  in  large  amounts  if  the  animal 
ingested  large  quantities  of  fluorine. 

Raw  Bonemeal 


Green  bones  are  ground  and  sold  under  the  name  of  raw  bonemeal. 
The  fatty  materials  found  in  taw  bonemeal  tend  to  delay  the  decomposi¬ 
tion  of  the  material  when  it  is  added  to  the  soil.  Raw  bonem^l  r.( 


Steamed  Bonemeal 


,  and  the  gelatinous  materials  are  then 


high  steam  pressure.  The  gelatinous 


me  geiaunous 
ue,  and  for  other 


m  the  nitrogen  content  of 
percentage  of  phosphoric 
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Fig.  59.  Sugar  cane  in  Louisiana.  {Left)  Unfertilized.  {Right)  Fertilized.  (Courtesy, 
United  States  Department  of  Agriculture.) 


The  steaming  of  bone  changes  its  physical  composition  so  that  it  may 
be  ground  more  easily  and  put  into  a  finer  physical  state  for  distribution 
in  the  soil.  Bonemeal  is  sometimes  sold  under  the  name  of  bone  dust. 
The  name  may  indicate  a  degree  of  fineness,  but  the  name  is  not  always 
associated  with  the  degree  of  fineness.  Steamed  bonemeal  generally  is 
ground  more  finely  than  raw  bonemeal.  The  process  of  steaming  also 
greatly  increases  the  ammonium  citrate  solubility  of  the  phosphate. 
Steamed  bonemeal  contains  1  to  2  per  cent  of  nitrogen,  and  22  to  30  per 


cent  of  phosphoric  acid. 

Steamed  bonemeal  may  be  so  light  in  weight  per  volume  that  it  it 
must  be  broadcast  during  windy  weather  it  should  be  mixed  with  fine 
damp  soil  or  sawdust.  It  is  superior  to  the  mineral  phosphates  in  its 
immediate  crop-producing  powers.  This  superiority  may  be  due  to  its 
physical  characteristics  and  to  its  organic  origin.  Bonemeal  rates  well  as  a 
source  of  phosphoric  acid.  The  availability  of  its  phosphoric  acid  appears 
to  be  slightly  lower  than  that  of  basic  slag.  The  effectiveness  of  bonemea 
is  increased  by  its  nitrogen  content  and  also  by  its  content  of  secon  ary 
and  rarer  essential  elements.  Best  results  are  secured  when  it  is  applied  to 
acid  soils  containing  an  ample  supply  of  organic  matter.  Parker  and  Tid- 
more  (1926)  have  reported  that  liming  the  soil  has  a  depressing  influenc 
on  the  solubility  of  phosphorus  in  steamed  bonemeal  and  Schreiner 
Merz  and  Broln  (1938)  have  reported  that  the  availability  of  the 
phosphorus  in  bone  is  increased  by  the  acid  decomposition  products 

of  its  organic  matrix. 


Precipitated  Bone 


Value  of  Bonemeals 
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form  of  dicalcium  phosphate.  It  is  obtained  by  neutralizing  the  hydro 
chloric  acid  solution  of  processed  bone  with  calcium  hydroxide. 


Bone  Ash 


Bone  ash  has  been  imported  to  some  extent  into  this  country  from 
South  America.  It  is  made  by  burning  bones  for  the  purpose  of  reducing 
their  bulk  for  shipment.  During  the  burning  process  most  of  the  nitrogen 
is  driven  off.  The  material  analyzes  30  to  40  per  cent  of  phosphoric  acid, 
and  contains  a  small  amount  of  magnesium  and  fluorine.  It  is  not  exten¬ 
sively  produced  for,  or  used  in,  the  fertilizer  industry. 


Bone-black  or  Bone  Char 

Bones  are  sometimes  heated  in  a  closed  retort  in  a  manner  similar  to 
that  followed  in  the  coking  of  coal.  The  residual  charcoal  is  known  as 
bone-black.  Sugar  refineries  use  considerable  quantities  of  high-grade 
bone-black  for  the  purpose  of  clarifying  sugar.  After  it  has  served  this 
purpose  it  may  be  used  as  a  fertilizer.  It  contains  about  30  to  35  per  cent  of 
phosphoric  acid,  1  to  2  per  cent  of  nitrogen,  and  10  per  cent  of  carbon. 
When  used  in  mixed  goods  its  carbon  content  may  act  as  a  conditioner. 

Dissolved  Bone 


Du solved  bone  or  bone  superphosphate,  or  what  is  in  Europe  sometimes 
called  nmolated  bone,  is  made  by  treating  bonemeal  with  sulfuric  acid  The 
action  of  sulfuric  acid  on  bonemeal  is  similar  to  that  which  takes  place  in 
the  manufacture  of  the  superphosphates  when  sulfuric  acid  is  added  to 
phosphate  rock.  The  phosphorus  in  dissolved  bone  is  generally  conceded 
to  have  the  same  crop.producing  value  as  superphosphate.  L  is  todly 
rately  encountered  in  the  fertilizer  trade.  H  y 


Value  of  Bonemeals 

The  bonemeals,  raw  and  sream^rl 

applied  to  well  aerated  soils.  They  are  ikneraUv  “T  When 

applied  to  heavy  silts  and  H Yp  8  X  ln  their  actlon  when 

popularity  of  superphosphate.  bon^Cbec^usl  of  hfsuppo: ^ 

lasting  qualities,  ot  residual  effect  was  he  I ;  ?  !  suPPosed  superior 

It  was  long  a  favorite  fertilizing  material  to  be  u!ed  befo  “T”  ^ 
grass  and  for  other  crops  bavin c  a  u  d  °  fo  Plantm8  land  to 


176 


Sources  and  Uses  of  Bone  Phosphate  and  Basic  Slag 


Manufacture  of  Basic  Slag 


From  the  standpoint  of  production  and  consumption,  basic  slag  ranks 
next  to  superphosphate  as  the  world’s  leading  phosphatic  fertilizer.  Basic 
slag  is  secured  as  a  by-product  from  the  steel  industry.  As  the  iron  ores  of 
Europe  carry  an  objectionable  amount  of  phosphorus,  whereas  those  of 
America,  in  general,  do  not,  and  as  it  is  necessary  that  this  phosphorus  be 
removed,  the  quantity  of  basic  slag  produced  and  used  in  Europe  is  far 
greater  than  that  manufactured  and  used  in  America.  Unless  the  phos¬ 
phorus  of  iron  ore  is  removed  during  the  process  of  steel  manufacture,  a 
high  quality  steel  cannot  be  made.  Steel  containing  over  2  per  cent  of 


phosphorus  is  very  brittle. 

Phosphorus  may  be  removed  from  cast  iron  by  a  method  that  was 
introduced  by  Thomas  and  Gilchrist  in  1877  and  which  was  an  improve¬ 
ment  to  the  old  Bessemer  process  of  steel  manufacture.  In  fact,  it  revolu¬ 
tionized  the  manufacture  of  steel.  By  this  method  the  molten  pig  iron 


containing  such  impurities  as  calcium,  silicon,  sulfur,  phosphorus,  etc., 
is  introduced  into  a  limed  converter  and  an  air  blast  started.  When  the 
mixture  reaches  a  certain  temperature  the  lime  melts  and  unites  with  the 
acid  impurities,  and  the  resulting  compounds,  being  lighter  than  iron,  rise 
to  the  surface  of  the  molten  mass,  where  the  gases  escape  and  the  solids 
are  poured  off  as  slag.  After  the  slag  has  cooled  it  appears  as  a  hard, 
massive,  black  cinder.  It  is  then  broken  into  small  pieces  under  stamps, 
mashed  with  heavy  rollers  and  finally  ground  to  a  very  fine  powder,  in 
which  condition  it  is  placed  on  the  market.  Large  quantities  of  this  slag, 
known  as  Bessemer  basic  slag,  were  manufactured  and  used  in  Europe 
before  World  War  I.  The  best  grade  of  goods  sometimes  contained  as 

much  as  17  to  20  per  cent  of  phosphoric  acid. 

The  method  used  in  the  manufacture  of  Bessemer  basic  s lag  meal,  as 

described  above,  has  been  superseded  by  rhe  open-hearth  method.  In  th.s 
method  the  impurities  ate  oxidized  by  means  of  the  .ton  om  (.ton  made) 
itself  as  it  is  reduced  simultaneously  to  metal.  Iron  ore  and  l.me  ate  heated 
„  an  open  heater  and  the  molten  pig  iron  then  added.  From  t.me  to  nme 
additional  quantit.es  of  lime  and  ore  ate  introduced,  and  occa  onaU  to 

some  batches  a  quantity  of  fluorspar-about  7  P-;^P  0  " 

lime_may  be  added  to  reduce  the  viscos.ty  of  the  slag.  Excess  q 
“  of  either  the  lime  or  fluorspar  tend  to  diminish  the  solub.hty  of  the 
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The  open  hearth  basic  slag,  as  basic  slag  made  according  to  this  process  is 
called,  contains  a  smaller  percentage  of  phosphoric  acid  than  the  older 
Bessemer  product,  and  carries  a  small  amount  of  calcium  fluoride,  a  com¬ 
pound  toxic  to  plant  growth.  In  addition,  the  fluorine  is  objectionable  in 
that  its  presence  in  the  soil,  when  the  material  is  applied  as  fertilizer,  may 
eventually  bring  about  some  reversion  of  the  available  phosphates  to  an 
unavailable  form.  The  open-hearth  slag  seldom  carries  more  than  15  per 
cent  of  phosphoric  acid  and  often  as  little  as  8  per  cent.  It  contains  50  to 
60  per  cent  of  calcium  and  magnesium  oxides. 

Basic  slag  is  extensively  manufactured  in  Germany,  France,  and  Eng¬ 
land,  and  it  is  the  cheapest  source  of  phosphoric  acid  available  to  the 
farmers  of  those  countries.  Just  before  World  War  II  the  world’s  annual 
consumption  of  basic  slag  was  about  five  million  tons.  Small  amounts  of 
basic  slag  are  manufactured  and  marketed  from  the  Birmingham  district 
of  Alabama.  The  annual  consumption  of  basic  slag  in  the- United  States 
is  a  little  less  than  40,000  tons.  Basic  slag  weighs  more  per  cubic  foot  than 
any  other  fertilizer  material.  It  is  marketed  most  commonly  under  the 
name  of  basic  slag  meal  but  it  was  formerly  also  called  basic  cinder  and 
Thomas  phosphate.  The  name  Thomas  was  given  to  the  product  in  honor 
of  the  chemist  who  introduced  the  improvement  to  the  Bessemer  process. 

In  the  older  literature  it  was  often  referred  to  as  odorless  phosphate ,  and  iron 
phosphate. 

Chemical  and  Physical  Properties  of  Basic  Slag 

The  most  commonly  accepted  formula  for  the  phosphatic  compound 

P  n  c'm  Tu  S  ag  'S  a  double  Sllicate  and  phosphate  of  lime  ((CaO)6.- 

fa  P  O  1  M  Te  uTktS  COmider  iC  a  tetra  calcium  phosphate 
(CatPaO.),  while  others  believe  it  to  be  a  basic  siliconoxyapatite  , 

that  k6  Slag  15  der'Ved  from  the  field  of  metallurgy.  Any  flux 

that  s  added  to  remove  impurities  is  called  a  slag.  Thole  that  ate 

are  Idd'd  Km°Ve  ^  ‘mPurities  are  “lied  acid  slags  and  those  that 
dded  to  remove  acid  impurities  are  called  basic  slags 

chetrhrafthat6  ssrjizs™  °?*ciai  Ag— ai 

pha,e  slag  shall  be  finely  ground  and  that  >teshdl'ted  *?  baS,c  Phos' 

cent  of  phosphoric  acid  of  u-  u  ‘  contain  at  least  12  per 

in  a  2  ^tTt  "trie  id  so^'r  ^  ^  **  Sha11  be  soluble 

analysis.  Basic  slag  that  does  not011  T ^  ^  C°  the  WaSner  method  of 

..  i..  g.d.  ThC.n"  7,  sf .t  1 -t-if 

g  ade  of  basic  slag  meal  or  open-hearth 
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basic  slag  which  is  produced  in  the  Alabama  district,  and  which  is  now 
found  on  the  American  market,  is  given  in  the  following  table. 


Table  46 


Guarantee  of  the  Grade  of  Basic  Slag  Most 
Commonly  Sold  on  the  American  Market 


Per  Cent 

Phnsnhorir  arid  (PoOA . 

8-10 

Trnn  nviHp  (Fe.iOA . 

15-18 

f'alrinm  ^ilirafp  fCaSiO^ . 

6-  8 

5-  7 

45-48 

2-  4 

Fineness:  80  per  cent  through  100  mesh 

Basic  slag  is  marketed  as  a  heavy  dark  brown  powder.  Owing  to  its 
lime  content  it  is  very  alkaline  to  litmus.  It  is  very  likely  to  solidify  if  it  is 
stored  in  a  damp  place.  Its  phosphorus  content,  soluble  in  a  2  per  cent 
citric  acid  solution,  is  considered  available  for  plants.  The  availability  of 
phosphoric  acid  in  basic  slag  increases  with  the  fineness  of  grinding  and 
with  the  silicon  content,  and  decreases  as  the  fluorine  content  increases. 
Basic  slag  is  not  used  in  mixed  fertilizers.  Its  high  lime  content  is  of  such  a 
nature  that  chemical  introduction  of  mixtures  with  ammonium  salts  may 
bring  about  a  liberation  of  ammonia.  Lyon  and  Buckman  (1922)  state 
that  when  basic  slag  is  applied  to  the  soil  its  phosphorus  content  does  not 
revert  to  a  more  insoluble  form,  but  is  rendered  quickly  available  by 
carbon  dioxide.  They  have  suggested  the  following  reaction  as  being  that 

which  takes  place  in  the  soil: 


(CaO),.P.O.  Si02  +  8C02  +  6H20  -  CaH4(PO,)2 


Artificial  Basic  Slag 

Many  modifications  of  the  common  method  of  producing  basic  slag 
have  been  suggested.  The  addition  of  ground  phosphate  rock  to  iron  ote 
for  the  purpofe  of  increasing  the  phosphorus  content  of  the  resulting 
slag  has  been  attempted,  as  well  as  the  treating  of  the  ootenshg  w.  . 
nhosohate  rock  which  would  accomplish  the  same  purpose.  1  a 

"Rhenania-Phosphate  in  Germany,  B  P 
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phate”  in  Belgium,  and  "Thermo-Phosphate  in  Russia.  Nevertheless,  the 
development  of  these  processes  has  made  little  progress  for  this  means  of 
making  the  phosphorus  of  phosphate  rock  partially  available  is  not  as 
economical  as  that  of  treating  the  rock  with  sulfuric  acid. 

Fertilizing  Value  of  Basic  Slag 

The  fertilizing  value  of  any  grade  of  basic  slag  is  influenced  by  the 
fineness  to  which  the  product  has  been  ground.  It  is  usually  ground  to  such 
a  fineness  that  80  per  cent  or  more  will  pass  through  a  sieve  of  10,000  holes 
to  the  square  inch.  Crop  response  to  basic  slag  is  usually  greater  than  that 
to  ground  phosphate  rock.  Because  of  the  lime  content  of  basic  slag  excel¬ 
lent  results  are  often  secured  when  basic  slag  is  applied  in  large  quantities 
to  acid  soils  for  lime-loving  legumes.  On  the  other  hand,  the  application 
of  basic  slag  or  bonemeal  to  Irish'  potatoes  may  make  it  more  difficult  to 
control  the  potato  scab.  The  silica  content  of  basic  slag  may  be  of  some 
value  in  helping  to  reduce  the  crop’s  demand  for  phosphorus,  for  silicon 
has  been  shown  to  be  somewhat  effective  in  this  respect.  Basic  slag  also 
carries  varying  quantities  of  magnesium  and  manganese  and  it  may  be  used 
for  the  purpose  of  correcting  soil  deficiencies  in  these  elements.  For  nutri¬ 
ent  crop  deficiencies  of  doubtful  origin  basic  slag  is  one  of  the  best  shot¬ 
gun  prescriptions  known,  and  applications  of  this  fertilizer  will  often 
return  a  crop  to  a  healthy  condition.  When  the  use  of  basic  slag  is  justified 

the  South  Carolina  Experiment  Station  recommends  from  400  to  1500 
pounds  per  acre. 

The  relative  effectiveness  of  basic  slag,  bonemeal,  and  superphosphate 
as  determined  by  Williams  (1924)  at  the  Ohio  Experiment  Station  after 
20  years  of  experimentation  at  Wooster,  Ohio,  is  shown  in  the  accompany¬ 
ing  table.  The  rotation  followed  in  these  experiments  was  com,  oats, 

Table  47 


Effect  of  Fertilizers  Containing  Different  Carriers  of 
Phosphorus,  40-year  Average— Annual  Value  of 
Increase  per  Acre 


Phosphorus  Carrier 

Unlimed  Land 

Limed  Land* 

Superphosphate . 

1 1  A  2  0 

$14.06 

Steamed  bonemeal 

Basic  slag.  . 

I  1  .  OZ 

11.52 

- - 

*3.86 

11.20 

*  In  excess  of  increase  for  lime. 

- - 
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wheat,  clover,  and  timothy.  The  superphosphate  used  analyzed  14  per 
cent  of  phosphoric  acid  and  was  applied  in  three  applications  totaling  320 
pounds  per  acre  per  rotation.  The  bonemeal  and  basic  slag  were  applied 
in  amounts  equivalent  to  that  of  the  superphosphate.  Nitrogen  and  potash 
were  applied  in  addition  to  phosphoric  acid.  According  to  these  experi¬ 
ments  superphosphate  was  more  effective  than  basic  slag  or  steamed 
bonemeal  but  Williams  concluded  that  on  acid  soils  the  lime  of  basic  slag 
may  bring  up  the  effectiveness  of  basic  slag  to  that  of  superphosphate. 

Results  obtained  at  the  Kentucky  Experiment  Station  indicate  that 
basic  slag  is  85  to  100  per  cent  as  effective  as  superphosphate.  The  relative 
effectiveness  of  different  phosphates,  including  basic  slag,  as  determined 
at  the  Indiana  Experiment  Station  by  Reed  and  Hall  (1930),  and  Wiancko 
(1928),  are  given  in  Table  48.  All  plats  were  manured' and  limed.  Super¬ 
phosphate,  basic  slag,  and  steamed  bonemeal  were  applied  at  the  rate  of 
48  pounds  of  phosphoric  acid  per  acre,  and  phosphate  rock  at  the  rate  of 
192  pounds  of  phosphoric  acid  per  acre,  with  manure  for  each  cover  crop. 
The  rotation  consisted  of  corn,  soybeans,  wheat  and  clover. 


Table  48 


Relative  Effectiveness  of  Different  Phosphates 


Source  of  Phosphorus 

Cost  of 
Fertilizer 

Net  Returns  per 
Acre  per  Rotation 

Superphosphate . 

Steamed  bonemeal . 

$3.36 

3.36 

$13-53 

9.20 

Basic  slag . 

3.36 

13-13 

Phosphate  rock . 

4,80 

7.10 

No  phosphorus . 

__ - - 

As  compared  with  superphosphate,  Salter  and  Barnes  (1935)  have 
reported  basic  slag  to  have  an  efficiency  of  about  85  per  cent  for  cereals 
when  grown  on  uffiimed  land  but  under  the  same  conditions  it  was  40  per 
cent  superior  to  superphosphate  when  applied  to  c  oven  n‘e 
hand  Noll  Irwin,  and  Gardner  (1935)  have  reported  that  12-year  re  u 
at  the  Pennsylvania  Experiment  Station  show  the  relative  value  of  Pho  - 
phate  carriers  to  be,  in  descending  order,  basic  slag,  bonemeal,  super- 

phosphate,  and  phosphate  rock. 
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Manufacture  and  Use  of  the 
Superphosphates 


The  term  phosphate  is  correctly  applied  to  fertilizer  materials  that  con¬ 
tain  phosphorus,  regardless  of  its  availability  to  plants.  Superphosphate ,  on 
the  other  hand,  is  a  term  generally  used  in  referring  to  phosphates,  the 
phosphorus  of  which  is  in  a  form  readily  available  to  plants.  In  this  country 
rather  recently  the  name  superphosphate  has  been  substituted  for  the  name 
acid  phosphate  which  came  into  common  use  as  early  as  1877  and  which 
at  that  time  replaced  the  name  superphosphate. 

At  the  meetings  of  the  First  World  International  Congress  on  Chemical 
Fertilizers,  held  October  3  to  6,  1938,  a  resolution  was  passed  recommend- 
ing  to  all  countries  that  they  adopt  the  denomination  "superphosphate” 
for  all  superphosphates  containing  up  to  25  per  cent  of  phosphoric  acid 
and  the  denomination  "concentrated  superphosphate”  for  all  super¬ 
phosphates  containing  more  than  25  per  cent  of  phosphoric  acid. 

In  some  localities  of  the  Middle  West,  farmers  incorrectly  use  the 
term  phosphate  as  synonomous  with  the  term  commercial  fertilizer. 


Meaning  of  the  Term  Phosphoric  Acid 

Chemically,  the  term  phosphoric  acid  refers  to  a  compound  having  the 
formula  H3PO,.  In  fertilizer  practice  however,  the  term  is  used  to  refer 
to  phosphoric  anhydride  or  phosphorus  pentoxide,  which  has  the  chemical 
formula  oi  P205.  Unfortunately,  the  phosphorus  of  fertilizer  materials  is 
always  reported  by  the  chemist  in  terms  of  phosphorus  pentoxide,  al- 

It  wo8uld  he  Penf°XL f  °f  Ph°SPhoms  is  ™er  ^  such  in  fertilizers. 

It  would  be  preferable  and  a  step  in  the  right  direction  if  state  laws  would 

mqmre  that  the  phosphorus  of  fertilizers  be  reported  on  the  elemental 
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R  *  04 

li.§; 

Si -Si 

76.65 

46.50 

73.10 

88.20 

78.65 

86.10 

16.52 

53.18 

86.66 

77.69 

63.53 

62.15 

77.70 

54.00 

75.00 

57-64 

83.14 

Phosphoric 

Acid 

(PM 

(per  cent ) 

35.38 

21.68 

3199 

38.60 

34.42 

39.44 

7.57 

24.36 

39.70 

35.59 

29.10 

27.20 

34.00 

23.63 

32.82 

25-28 

36.39 

Carbonate 
of  Lime 
( CaCOz ) 
(per  cent ) 

5.28 

5.24 

8.00 

4.13 

8.05 

.29 

9.17 

6.95 

7.07 

2.30 

10.00 

12.23 

11-25 

3.63 

Calcium 

Fluoride 

(CaFT) 

(per  cent ) 

1.00 

3.10 

3.04 

2.62 

5.00 

6.00 

6.98 

2-8 

4.40 

Oxide  of 
Iron  and 
Aluminum 
(Fe203), 
(AIM 

(per  cent) 

0.37 

.70 

1.03 

1.37 

1.59 

5.88 

1.14 

1.39 
4.07 

2.39 

9.00 

5.00 

1-4 

3.00 

Silica  or 
Insoluble 
(SM 

(per  cent ) 

3.01 

3.60 

2.00 

3.67 

8.92 

3.62 

.79 

8.55 

16.14 

9.00 
Not  det. 
Not  det. 

4-12 

4.13 

Nitrogen 

(N) 

(per  cent ) 

4.06 

4. 14 

1.12 

8.35 

.45 

.40 

Location 

Canada 

Canada 

Norway 

Porto  Rico 

West  Indies 
Mexico 

Somme,  France 
Somme,  France 
Liege,  Belgium 
Cambridge,  Eng. 
Suffolk,  Eng. 
Russia 

South  Carolina 
Florida 

*  N 
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Phosphoric 

Acid 

(P206) 
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Composition  of  Native  Phosphates  Used  in  the 

Manufacture  of  Superphosphates 

Superphosphates  are  generally  manufactured  Irom  phosphate  rock,  but 
bone  and  phosphatic  guanos  were  extensively  used  in  the  early  days.  At 
present  only  a  few  fertilizer  plants  make  superphosphate  from  bones,  and 
in  such  instances  only  on  special  order.  Superphosphates  that  are  made 
from  organic  sources  are  more  easily  manufactured  and  usually  have  a 
better  physical  condition,  but  they  contain  a  smaller  percentage  of  phos¬ 
phoric  acid  than  those  made  from  mineral  sources. 

The  phosphatic  materials  used  in  the  manufacture  of  superphosphate 
vary  rather  widely  in  their  composition.  Rarely  is  any  material  used  that 
does  not  contain  at  least  the  equivalent  of  50  per  cent  of  tricalcium  phos¬ 
phate.  The  impurities  commonly  found  in  the  native  phosphates  are 
organic  matter,  calcium  fluoride,  calcium  and  magnesium  carbonates,  and 
iron,  silicon  and  aluminum  oxides.  The  combined  content  of  iron  and 
aluminum  oxides  in  the  phosphate  rock  marketed  in  the  United  States 
ranges  between  1.0  and  5.5  per  cent,  although  some  Tennessee  Brown  rock 
that  is  marketed  for  direct  application  to  the  soil  may  contain  as  much  as 
8  to  9  per  cent.  Native  phosphates  that  contain  above  4  per  cent  of  iron 
oxide  are  considered  very  objectionable  for  the  manufacture  of  super¬ 
phosphate.  In  fact,  it  is  desired  that  they  should  not  contain  over  per 
cent  The  objection  is  based  upon  the  fact  that  greater  quantit.es  of  su  - 
furic  acid  must  be  added  to  the  phosphate  rock  when  .ton  oxide  is  presen 
and  to  the  fact  that  superphosphate  made  from  phosphate  rock  high 
.uJn  m  and  iron  has  a  poor  physicai  condition.  The  Pi— 

rock  with  fluorine-bearing  w«ers*  (1914),  the  composition 

M.ny  mM  k.  —  JSKJ SStSZ 


185 


Treatment  of  Native  Phosphates  with  Acid 


Fig.  60.  Modern  sulphuric  acid  and  superphosphate  plant  of  the  Davison  Chemical 
Company,  Baltimore,  Maryland.  (Courtesy,  The  Fertilizer  Review.) 


that  accounts  for  their  unavailability  may  be  broken  either  by  removing  the 
uorine  entirely  or  by  breaking  the  structure  chemically  without  efFectinn 
substantial  removal  of  the  fluorine.  The  most  important  methods  of  ac- 
complishing  this  may  be  classified  roughly  as  follows:  First,  add  treat- 
ments,  second  vo  arilization  of  the  phosphorus;  thud,  decomposition  by 

mdu"trv  The"  h°r  l “d  f°Ufth'  pr0Cesses  used  in  the  ^eel 

M  y,  °urth  Process  has  already  been  discussed  in  Chapter  8 

Many  other  processes  have  been  worked  out  by  wh.ch  to  obtain  available 
than  th  “  a  r°m  ph°Sphate  rock'  but  offer  possibilities  greater 

than  the  processes  now  generally  used.  * 

Treatment  of  Native  Phosphates  with  Acid 

-  -• 

the  dicalcium  and  monocalcium  phosphates  and  L  th"7  "  C°.!"erted  mt0 
phosphates  the  insoluble  fluorides  are^eoa  rated  f  K  of  the  mmeral 
the  phosphorus- The  reacts 
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tetrafluoride  and  at  some  plants  may  be  drawn  away  from  the  mixture  by 
ventilating  ducts.  The  amounts  of  dicalcium  and  monocalcium  phosphates 
produced  will  depend  upon  the  quantity  of  acid  that  is  employed.  Nitric, 
hydrochloric,  phosphoric,  and  sulfuric  acids  have  been  used  for  this  pur¬ 
pose,  but  sulfuric  acid  has  proved  to  be  the  most  satisfactory,  because 
when  sulfuric  acid  reacts  with  fluor  apatite,  calcium  sulfate,  a  dehydrating 
agent,  is  produced.  This  compound  greatly  improves  the  physical  condi¬ 
tion  of  the  superphosphate,  as  it  causes  the  product  to  dry  out  readily  and 
become  pulverable.  As  usually  made,  the  fluorine  remains  in  the  mixture. 

The  first  superphosphate  made  in  the  United  States  was  manufactured 
in  Baltimore  about  1850.  Until  1867,  when  South  Carolina  phosphate  was 
first  used,  all  superphosphate  was  made  from  bone  and  imported 

phosphoguanos. 

In  former  years  the  process  of  superphosphate  manufacture  consisted 
simply  of  mixing  about  equal  quantities  of  ground  phosphate  rock  with 
sulfuric  acid  and  then  breaking  up  the  resulting  mixture  after  it  had  set. 
Today,  at  neatly  all  plants,  an  analysis  is  first  made  to  determine  the  per¬ 
centage  of  impurities  in  the  materials  to  be  treated.  Allowance  is  then 
made  for  the  impurities,  and  the  correct  amount  of  acid  necessary  to  secure 
the  desired  product  is  added.  Ordinary,  or  normal,  superphosphate  is 
usually  made  to  catty  about  16  to  30  per  cent  of  phosphoric  acid. 

The  cheaper  grades  of  sulfuric  acid,  that  is,  those  having  a  specfi 
gravity  of  from  1.5  to  1.6  or  52°  to  55°  Baum*,  are  nearly  a ways  used  r„ 
fhe  manufacture  of  superphosphate.  They  contain  about  60  to  70  per  cent 

0f  tS requited  amount  of  acid  and  ground  phosphate  rock  is  introduced 

den  the  same  day  it  is  o  r  During  the  curing  process  a 

the  den,  in  some  cases  exceeding  100  C  During  volat,lLion  of 

shrinkage  of  at  least  10  per  cent  takes  place  ow mg  thu 

ebon  M..  ."I  «"°»“  "“t™"  w'  1, 

ready  to  be  broken  up  an  r  hen  ^  custom  to  store  the 

with  finely  ground  eve[al  months  to  allow  it  to  dry  out  to  a 

'gSSlTJSSS  little  tendency  to  "set  up.”  In  this  way,  it  acquires 
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a  physical  condition  that  will  not  clog  the  fertilizer  drills  when  it  is  being 
sown.  In  some  instances  limestone,  hydrated  lime,  peat  or  muck,  low- 
grade  tankage  or  other  organic  waste  product,  is  added  for  the  purpose  of 
reducing  lumping.  Too  much  acid  must  not  be  added  to  the  phosphate 
rock  or  free  phosphoric  acid  may  be  produced.  In  such  cases  the  product 
becomes  moist,  difficult  to  handle,  and  the  free  acid  is  destructive  to 
shipping  bags.  The  reactions  that  take  place  when  the  ground  phosphate 
rock  and  sulfuric  acid  are  mixed  are  probably  as  shown  below: 


3Ca3(P04)2  +  6H2SO4  +  2H20  =  4H3PO4  +  Ca3(P04)2 

+  6CaS04.2H20 

Ca3(P04)2  +  4H3P04  +  H,0  =  3CaH4(P04)2  +  H20 
Ca3(P04)2  +  H2S04  +  2H20  =  Ca,H2(P04)2  +  CaS04.2H20 


Sulfuric  acid  probably  acts  only  on  about  two-thirds  of  the  phosphate 
rock,  and  the  free  phosphoric  acid,  produced  in  the  reaction,  on  the  re¬ 
mainder.  It  appears  that  because  phosphoric  acid  is  a  much  weaker  acid 
than  sulfuric  acid  it  acts  more  slowly. 

As  the  calcium  sulfate  is  not  removed  from  the  final  product,  the  per¬ 
centage  of  phosphoric  acid  in  the  superphosphate  is  only  about  half  that 
found  in  phosphate  rock.  Chemically,  the  tricalcium  phosphate  is  the 

normal  salt,  while  the  monocalcium  and  dicalcium  phosphates  are  acid 
salts. 

When  superphosphate  is  made  with  nitric  acid  or  hydrochloric  acid  no 
free  phosphoric  acid  is  obtained  with  the  quantities  of  acids  usually  added, 
but  the  resulting  calcium  nitrate  or  calcium  chloride  is  hygroscopic  and 


FIG61^ 


trucks.  (Courtesy,  Tennessee  Valley  Authority.) 
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will  impart  to  the  superphosphate  poor  physical  properties.  Calcium 
chloride  is  known  to  be  toxic  to  some  plants  when  applied  in  appreciable 
quantities.  Nitric  and  hydrochloric  acids  are  more  costly  than  sulfuric 
acid. 

In  recent  years  the  spent  acids  from  the  refining  of  petroleum  products 
by  the  alkylation  process  have  been  used  satisfactorily  in  the  production 
of  alkylation-acid  superphosphate,  and  this  superphosphate  has  been 
found  by  Jacob  and  Arninger  (1944),  and  others,  to  be  about  of  the  same 
value  as  ordinary  superphosphate. 


Manufacture  of  Phosphoric  Acid  by  the  Wet  Method 

As  already  stated,  when  excess  quantities  of  sulfuric  acid  are  mixed 
with  phosphate  rock  free  phosphoric  acid  is  produced.  This  procedure 
is  employed  in  the  production  of  free  phosphoric  acid,  and  is  known  as  the 
"wet  method."  Ground  phosphate  rock  is  treated  with  an  excess  of  sul¬ 
furic  acid  and  the  resulting  free  phosphoric  acid  separated  by  decantation 
and  filtration.  The  phosphoric  acid  produced  in  this  way  usually  contains 
25  to  28  per  cent  of  phosphorus  pentoxide. 


Manufacture  of  Phosphoric  Acid  by  the  Furnace 
Process 


The  furnace  process  of  producing  free  phosphoric  acid  has  great  possi¬ 
bilities,  but  has  not  been  sufficiently  developed  to  come  into  general  use 
nor  to  supersede  the  wet  method.  Briefly,  the  furnace  process  consists  of 
mixing  sand,  coke,  and  phosphate  rock,  and  submitting  them  to  high 
temperatures.  When  the  mixture  is  so  heated  the  phosphorus  of  the  phos¬ 
phate  rock  is  replaced  by  silicon  to  form  calcium  silicate,  elemental  phos¬ 
phorus  being  volatilized.  The  calcium  silicate  is  removed  as  a  molten 
slag,  and  the  phosphorus  is  oxidized  to  phosphorus  pentoxide,  combined 
with  water,  and  collected  as  free  phosphoric  acid.  The  reactions  involve 

are  about  as  follows: 


Caj(P04)2  +  3Si02  =  3CaSiOs  +  PjOe 
P205  +  3H20  =  2H3PO, 

Phosphoric  acid  produced  in  this  way  is  comparatively  pure,  analyzing 
75  to  90  per  cent,  and  can  be  used  for  purposes  other  than  the  manufa 

ture  of  fertilizers.  ,  , 

Both  electric  and  fuel  furnaces  ate  employed  m  the  manufacture  of 
phosphoric  acid'.  When  the  electric  furnace  is  used  the  heat  require  is  n 
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Fig.  62.  Discharging  three-hour-old  superphosphate  to  storage  heap.  (Courtesy, 

Chemical  Appliances,  Inc.) 


obtained  directly  by  the  consumption  of  fuel,  so  that  the  gases  evolved 
are  relatively  concentrated  and  the  phosphoric  acid  is  more  easily  recov¬ 
ered.  When  the  fuel  furnace  is  used  the  great  quantities  of  air  introduced 
into  the  system  necessarily  produce  a  large  volume  of  gas  which  is  low  in 
its  phosphorus  content  and  therefore  makes  the  subsequent  recovery  of 
phosphoric  acid  more  difficult.  At  present  very  little  phosphoric  acid  that  is 
produced  by  the  electric  furnace  process  is  used  in  commercial  fertilizer 
manufacture,  and  less  than  1  per  cent  of  all  the  phosphoric  acid  used  in 
agriculture  in  America  is  produced  by  the  fuel-fired  blast  furnace. 


F,G'  63„,PaS'Ure,i.n  Verm°nt.  {Left)  Plat  unfertilized.  (Right)  Plat  received  a  on, 
piete  fertilizer  and  lime.  (Courtesy,  National  FertUizir  AssocMon  ) 
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Experiments  conducted  by  the  Bureau  of  Chemistry  and  Soils,  of  the 
United  States  Department  of  Agriculture,  and  reported  by  Royster  et  al. 
(1937)  have  shown  that  the  furnace  process  can  be  used  satisfactorily 
even  with  the  run-of-mine  phosphates.  Its  employment  for  this  purpose 
should  render  a  great  saving  of  the  phosphoric  acid  which  is  usually 
wasted  in  the  mechanical  separation  of  phosphate  rock  from  its  impurities. 
This  waste  is  considerable,  for  it  has  been  estimated  that  in  the  mining  of 
some  phosphate  deposits  more  than  a  ton  of  phosphate  is  unrecovered  for 
every  ton  that  is  separated  from  its  impurities.  Another  saving  that  the 
furnace  process  offers  over  the  acid  or  wet  method  of  free  phosphoric  acid 
manufacture  is  in  the  use  of  sulfuric  acid  which  generally  must  be  bought, 
hauled  to  the  manufacturing  plant,  and  hauled  away  again  as  gypsum  in 
the  superphosphate.  Of  course,  at  some  fertilizer  plants  the  sulfuric  acid 
is  made,  but  even  here  the  sulfur  must  be  bought  and  an  expense  incurred 
in  the  making  of  the  sulfuric  acid.  The  furnace  process  also  allows  the 
production,  without  subsequent  evaporation,  of  free  phosphoric  acid  of 
almost  any  desired  strength.  The  retail  sales  of  this  material  have  been 
chiefly  in  the  north  central  and  western  states. 

In  Table  50  is  given  the  location  of  American  concentrated  superphos¬ 
phate,  phosphoric  acid,  and  phosphorus  manufacturing  plants. 


Table  50 


Location  of  American  Concentrated  Superphosphate,  Phosphoric 

Acid,  and  Phosphorus  Plants 


Company 


Location 


Concentrated  Superphosphate  Plants 


Anaconda  Copper  Mining  Company 
Armour  Fertilizer  Works 
International  Agricultural  Corporation 
Phosphate  Mining  Company,  The 
U.S.  Phosphoric  Products  Corporation 
Victor  Chemical  Works 
Virginia-Carolina  Chemical  Corporation 
•Tennessee  Valley  Authority 
Consolidated  Mining  and  Smelting  Corporation 


Anaconda,  Montana 
Columbia,  Tennessee 
Wales,  Tennessee 
Nichols,  Florida 
Tampa,  Florida 
Nashville,  Tennessee 
Charleston,  South  Carolina 
Muscle  Shoals,  Alabama 
Trail,  British  Columbia 


Phosphorus  or  Phosphoric 
American  Agricultural  Chemical  Company,  The 
American  Cyanamid  Company 
Monsanto  Chemical  Company 
Monsanto  Chemical  Company 
Oldbury  Electro-Chemical  Company 
Victor  Chemical  Works 

Virginia-Carolina  Chemical  Corporation _ 


Acid  Plants 

South  Amboy,  New  Jersey 
Warners,  New  Jersey 
Anniston,  Alabama 
Columbia,  Tennessee 
Niagara  Falls,  New  York 
Columbia,  Tennessee 
Charleston,  South  Carolina 
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Calcium  Metaphosphate 

Calcium  metaphosphate  (Ca(P03)2),  a  salt  of  metaphosphoric  acid  and 
a  quenched  melt,  is  one  of  the  products  that  have  recently  been  developed 
by  the  Tennessee  Valley  Authority.  It  is  a  defluorinated  phosphate  and  to 
make  it  phosphorus-bearing  furnace  gases  are  burned  and  passed  directly 
into  contact  with  phosphate  rock  at  a  temperature  of  1200°  C.  The  hot 
vapors  and  the  phosphate  rock  unite  to  form  liquid  calcium  metaphosphate 
which  upon  cooling  solidifies  into  a  slag.  The  resulting  slag  is  ground  and 
marketed  as  such.  It  contains  about  65  per  cent  of  available  phosphoric 
acid  and  0.3  per  cent  fluorine,  and  appears  to  be  a  good  source  of  phos¬ 
phorus  for  plants.  It  is  commonly  referred  to  as  metaphos.  Alway  and 
Nesom  (1944)  concluded  from  a  study  made  in  Missouri,  that  for  alfalfa 
metaphos  should  be  as  good  a  source  of  phosphorus  as  superphosphate. 

Potassium  Metaphosphate 

Potassium  metaphosphate  (K4(P03)4.H20)  is  obtained  by  reaction  of 
phosphoric  acid  and  potassium  chloride  at  high  temperatures.  It  is  only 
slightly  soluble  in  water  but  is  readily  soluble  in  an  ammonium  citrate 
solution,  and  is  a  good  source  of  potassium  and  phosphorus  for  plants. 

Potassium  metaphosphate  is  of  interest  also  because  it  contains  100 
per  cent  of  plant  nutrients.  It  analyses  39-9  per  cent  of  K20  and  60.1  per 
cent  of  P205. 


Serpentine  Superphosphate 

In  New  Zealand,  during  the  years  of  World  War  II  superphosphate  was 
diluted  with  serpentine.  It  was  claimed  that  a  higher  recovery  of  the  phos- 

photus  of  this  product  by  plants  could  be  secured  than  from  ordinary 
superphosphate.  7 


Manufacture  of  Concentrated  Superphosphate 

When  phosphate  rock  is  treated  with  free  phosphoric  acid  a  superphos- 
p  ate  is  produced  which  may  contain  as  high  as  50  per  cent  of  phosphorus 
pentoxide  and  generally  contains  45  to  48  per  cent.  It  also  contains 

uhosnh  .  P  Cent  Td  2  IO  6  per  cent  S°3'  Con«ntrated  super- 
p  osphate  is  composed  largely  of  monocalcium  phosphate  It  may  be 

T  the  T ie  “  d0Uik  «**>«**•  ac'd  phosphate  of  lime  one- 
PfPha‘e’  superphosphate  and  sometimes  incorrectly  as  Hole 
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by  double  acidulation,  sulfuric  acid  first  being  used  in  the  production  of 
free  phosphoric  acid,  and  then  the  free  phosphoric  acid  in  the  production 
of  superphosphate. 

Nine  concentrated  superphosphate  plants  are  now  in  operation 
in  this  country.  These  plants  are  able  to  use  the  low-grade  phosphates— 
which  have  little  commercial  value  for  the  manufacture  of  ordinary  super¬ 
phosphate— as  a  source  of  free  phosphoric  acid  from  which  concentrated 
superphosphate  can  be  produced.  Because  concentrated  superphosphate 
often  contains  considerable  quantities  of  free  phosphoric  acid,  it  is  diffi¬ 
cult  to  cure  and  also  difficult  to  spread  satisfactorily.  Furthermore,  because 
of  its  free  acidity,  it  may  be  injurious  to  crops  for  a  few  days  after  applica¬ 
tion  to  the  soil.  Manufacturers  are  now  employing  it  in  the  compounding 
of  high-analysis  mixed  goods  and  it  is  estimated  that  the  American 
capacity  to  produce  this  product  is  in  the  neighborhood  of  275,000  tons. 


Characteristics  of  Ordinary  Superphosphate 

Ordinary,  or  normal,  superphosphate  is  marketed  as  a  brownish  gray 
powder.  It  is  partially  soluble  in  water,  has  an  acid  odor,  and  is  very 
acid  to  litmus.  It  may  contain  14  to  25  per  cent  of  available  phosphoric 
acid  together  with  small  amounts  of  citrate  insoluble  phosphoric  acid. 


m 


FIG.  64.  Where  Anaconda  treble  ck  of^his  plant  is  reputed  to 

£<£&%&  ZZZtlTZu-J  feet  tail.  (Courtesy.  United  Metals 

ling  Company.) 
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The  granulated  product  contains  20  to  21  per  cent  of  available  phosphoric 
acid.  In  the  early  days,  10  per  cent  superphosphates  were  common. 
Ordinary  superphosphate  is  composed  of  gypsum  or  its  lower  hydrate, 
and  monocalcium  phosphate,  together  with  some  dicalcium  phosphate, 
tricalcium  phosphate,  and  impurities  in  the  lower  grades.  Ordinary 
superphosphate  analyzes  about  19  to  22  per  cent  calcium  and  10  to  12 
per  cent  sulfur.  Both  the  monocalcium  and  dicalcium  phosphates  are 
considered  available  to  plants.  Concentrated  superphosphate  does  not 
contain  gypsum.  The  following  table  gives  the  composition  of  a  repre¬ 
sentative  sample  of  a  16  per  cent  superphosphate. 


Table  51 


Composition  of  a  Representative  Sample  of  Normal  Superphosphate 


Per  Cent 

Gypsum  (CaS04.2H  >0) . . . 

so  nn 

Monocalcium  phosphate  (CaH4(P04)>.H20) 

26.60 

2.40 

9  90 

Dicalcium  phosphate  (Ca2H2(P04)2.H>0) 

Tricalcium  phosphate  (Ca3(P04)2) 

Silica  (Si02) . 

a-  .  Z  W 

Iron  and  aluminum  sulfates  (Fe2(S04)3)(Al2(S04)s) 

/ .  uo 

4.00 

Calcium  fluoride  (CaF2) 

Water  (P120) .... 

l  .  9U 

6.00 

Ordinary  superphosphate  is  shipped  in  bulk  or  in  200-pound  sacks. 
ie  sacks  are  usually  treated  with  a  solution  of  sodium  silicate,  paraffin 
or  some  other  substance  that  will  prevent  their  ready  destruction  by  the 
small  quantities  of  free  acid  that  may  be  present. 

A  survey  made  in  1939-a  representative  prewar  year— showed  that 
over  60  per  cent  of  the  superphosphate  used  in  the  United  States  as  a 
separate  fertilizer  material  was  consumed  in  the  four  staces-New  York 
Pennsylvania,  Ohio,  and  Kentucky.  Y  k’ 

DeA^H  or°siUeafehOSPhate  *  M'ans 

pH^^^rie^mSb^^  ,‘he  rPleX 
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these  products,  a  calcined  defluorinated  phosphate  rock  containing  24  per 
cent  of  available  phosphoric  acid,  is  produced  extensively  by  sintering 
phosphate  rock  with  soda  and  silica.  It  is  sold  in  Germany  under  the 
name  of  Rhenania-Phosphate.  Similar  products  are  sold  in  France  and 
Belgium  under  the  name  of  Base-Phosphate  and  Supra-Phosphate.  Wagga- 
man  (1914)  has  been  able  to  secure  a  slag  containing  5  and  6  per  cent 
respectively  of  citric  acid  soluble  potash  and  phosphoric  acid  by  fusing  a 
mixture  of  phosphate  rock  and  feldspar  at  1400°  C.  for  about  20  minutes. 
Whathall  and  Bridger  (1943)  fused  a  mixture  of  1.00  pound  of  rock 
phosphate  (33  per  cent  P205,  3.6  per  cent  fluorine)  and  0.46  pound  of 
olivine  (45  per  cent  P205,  44  per  cent  Si02),  which  yielded  a  product 
containing  22.8  per  cent  total  P205,  21.4  per  cent  soluble  P205,  and  1.9 
per  cent  fluorine. 

The  products  resulting  from  sintering  phosphate  rock  with  alkali 
salts  are  alkaline  in  reaction  and  show  a  wide  range  of  citrate-soluble 
phosphorus. 


Calcined  Phosphate 

Calcined  phosphate  is  prepared  by  burning  phosphorus  and  passing 
the  hot  reaction  products  into  beds  of  phosphate  rock.  The  calcium 
fluor-phosphate  molecule  is  in  this  way  changed  to  substantially  calcium 
metaphosphate  (Ca(P03)2)  having  a  phosphoric  acid  content  of  about  65 
per  cent.  Searralles  (1937)  found  as  a  result  of  both  pot  and  chemical  tests 
at  the  Pennsylvania  State  College  that  calcined  phosphate  was  equal  in  its 
crop-producing  value  to  superphosphate  and  far  superior  to  untreated 

rock  phosphate. 


Precipitated  Phosphate 

Precipitated  phosphate  is  a  product  which  is  composed  largely  of 
dicalcium  phosphate  which  has  been  obtained  by  neutralizing  with  lime 
the  acid  solution  of  processed  bone  or  phosphate  rock.  It  is  fairly  availabl 

to  plants. 

Fused  Tricalcium  Phosphate 

As  has  been  pointed  out,  the  presence  of  fluorine  in  the  apatite 
molecule  is  in  a  large  part  responsible  for  the  low  availability  of  rock 
phosphate.  Elmore,  tf  al.  (1942),  of  the  Bureau  of  Chemistry,  ^ ^ 
Agricultural  Engineering,  of  the  United  States  Department  of  Agriculture 
has  shown  thafa  substantial  expulsion  of  the  fluorine  ensues  from  the 
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phosphate  if  a  phosphate  containing  5  to  10  per  cent  silica  is  fused,, 
followed  by  quenching  of  the  melt.  Almost  complete  defluorination  of 
phosphate  rock  can  be  secured  in  the  temperature  range  of  1375°  to 
1425°  C.  In  this  process  the  apatite  molecule  is  converted  to  an  unstable 
hydroxyl-apatite  (Ca10FOH(PO4)6)  and  then  to  a  tricalcium  phosphate,  a 
compound  which  is  soluble  in  citric  acid  and  citrate  solutions.  The 
resulting  fused  phosphate  contains  30  to  35  per  cent  available  phosphoric 
acid  and  many  tests  have  shown  it  to  be  an  excellent  source  of  phosphorus 
for  plants.  Volk  (1944)  found  fused  phosphate  to  be  almost  as  good  as 
superphosphate  and  calcium  metaphosphate  for  oats  and  sorghum,  and 
much  superior  to  phosphate  rock  and  waste  pond  phosphate.  His  results 
are  given  in  Table  52. 


Reversion  of  Monocalcium  and  Dicalcium  Phosphate 

The  water-soluble  monocalcium  phosphate  and  the  citrate-soluble 
dicalcium  phosphate  of  superphosphate  may  partially  revert  to  the  tri- 
calcium  form  when  they  are  allowed  to  stand  for  some  time.  Nevertheless, 
this  tricalcium  phosphate  and  the  corresponding  phosphate  of  magnesium 
are  available  to  plants.  Partial  reversion  also  takes  place  if  the  product 
is  heated  and  especially  when  it  is  added  to  some  soils.  The  reversion 

°u  CltraleL‘?°!uble  PhosPhate  is  not  as  rapid  as  is  the  water-soluble  phos- 
p  ate  This  is  probably  due  to  the  small  power  of  motion  of  the  citrate- 
soluble  phosphate.  The  superphosphates  that  are  put  on  the  market 


Table  52 


Y,ElDS  °F  OATP„osRp0„™c01CoCn„?AY  TREATpD  WITH  VaR,ous  comb, NAT, ons  OP 
hosphatic  and  Nitrogenous  Fertilizers  and  Lime 


pH  of  soils  after  treatment  and  oat  yields 
in  grams  of  dry  weight: 


„  Phosphates  Used 

Sodium  Nitrate 

Ammonium 

Sulfate 

Urea 

Yield 

PH 

Yield 

pH 

Yield 

1  PH 

None .  .  . 

Superphosphate . 

1.8 

97  9 

5.5 

5.9 

4.8 

1.9 

4.9 

Rock  phosphate 

£1.2. 

C)  s 

5.7 

26.8 

5.0 

21 A 

5.4 

Waste  pond  phosphate 

y .  j 

7  9 

5.9 

5.9 

16.8 

5.1 

15.6 

5.6 

Calcium  metaphosphate 

24.7 

21.2 

12.9 

5.4 

12.0 

5.4 

Fused  rock  phosphate  • 

5 . 8 

23.1 

5.1 

24.8 

5 . 5 

"  - - - 

6.2 

24.5 

5.1 

21.3 

5.4 
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today  have  been  prepared  with  such  care  that  there  is  little  danger  of 
reversion  in  storage.  If  stored  in  a  dry  place  superphosphate  may  be  kept 
from  one  season  to  another  with  very  little  danger  of  depreciation  in  value. 

Recent  studies  have  shown  that  the  phosphoric  acid  of  superphosphate 
that  has  been  reverted  to  the  tricalcium  form  is  more  available  to  plants 
than  is  the  phosphoric  acid  of  ground  phosphate  rock.  Also,  the  freshly 
precipitated  tricalcium  phosphate  has  been  shown  by  Truog  (1916)  and 
others  to  be  more  available  than  an  older  product.  Maclntire  et  al.  (1937), 
however,  found  that  a  part  of  the  reversion  of  superphosphate  is  to  a 
fluor-apatite  form  and  that  this  product  is  no  more  available  than  ground 
phosphate  rock.  Reversion  is  not  likely  to  take  place  unless  there  is  more 

than  a  trace  of  flourine.in  the  soil  solution. 

Work  by  Maclntire  et  al.  (1944)  with  quenched  fusions  of  rock  phos¬ 
phate  show  that  an  80  per  cent  removal  of  the  initial  fluorine  content 
produced  a  satisfactory  superphosphate  composed  of  readily  available 
alpha  form  of  tricalcium  phosphate.  Unfortunately,  this  material  is  not 
commercially  available,  but  it  should  prove  to  be  superior  to  ordinary 
superphosphate.  Alway  and  Nesom  (1944)  have  compiled  a  table  show¬ 
ing  comparative  results  to  date  of  calcium  metaphosphate  and  fused  rock 
phosphate.  Their  results  are  given  in  Table  53.  Maclntire  and  Hardin 
(1940)  found  that  fused  rock  phosphate  could  be  used  to  condition  super¬ 
phosphate  without  detrimental  effect. 

When  superphosphate  is  added  to  a  soil  deficient  in  lime  the  reversion 
appears  to  be  largely  to  the  iton,  aluminum,  and  titanium  phosphates, 
whereas  if  the  soil  contains  fair  quantities  of  calc, urn  the  reversion  is 
quickly  to  the  dicalcium,  and  slowly  to  the  tticalcium  phosphate  Accord¬ 
ing  to  Maclntire  (1942),  if  fluorides  ate  present,  reversion  rakes  p  ace  very 
slowly  to  calcium  fluorphosphate,  a  compound  analagous  to  apan te 
nhosDhate  rock.  The  reaction  is  probably  as  follows.  3Ca,(P01!t  + 

L  Q  FffPOd)  6  The  reversion  of  water-soluble  phosphate  is  not  as 

soil  solution  and  under  t  cr,me  soils  these  phosphates  appear 

SS  if  «  all.  This  is  probably  due  to  the 
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water  will  dissolve  those  compou  freshly  precipitated  cal- 


Comparative  Effectiveness  of  Calcium  Metaphosphate 


Reversion  of  Monocalcium  and  Dicalcium  Phosphate 


£ 


Q 

UJ 

K 

2 

o 

u 

to 

< 

CO 

H 

z 

w 

S 

2 

w 

a, 

X 

w 

a 

3 
w 
■— < 
CL 

0 

Z 

< 

H 

0 

CL 


UJ 

h 

< 

S 

s 

m 

O 

X 

CL  S 

kj  o 
*  to 

U  w 
02 

«; 


Q 

z 

< 

>< 

< 


9  * 

z  J 

<  < 

>- 

« 


« 

© 


£  ^ 

04 

.« X 
*■* 

§4 

IS 

$  $ 


*2: 

* 

5 


4,' 

&r 


'S 

£■§, 

•3  f 

If 

VJ  5 

<*» 

3 


o3  ctf 

■C  £ 

*->  a  ij 

o  e  2 

a. 

S 

_C 

g  °  a 
£ 


~o 

<L> 

to 

3 

4-* 

o 

Z 


~o 

V 

co 

3 

w 

O 

£ 


u-  C 

o- 

C  w 
£ 
C-C 
-  £ 


.§5 

X  ^ 
<ss 

4  > 


c  ~ 

,  to 
03  ^2 

3  O 
cr 

b 

3 

a  c 

n 

S>  oj  . 

O  "D 
a  u 

a  01 
<3 

-C 
*-» 


C3 

-X 

"3 

IK? 

o  GS 

4_> 

W  'T' 

<o  >-L  • 

ctt-3 

or  s 

oof 
r  "  >> 


32-5  2 
o  «-g  « 
U  >>  ?a 

oJ  to 

<->-3  O 
"3  D  ^  r* 
F*  (L)  -C 


Jr  Cl, 


.5  u 

—  c 

« •  -h 
— H  4-» 

Ct3  *•* 


V  • 

Sk 
o 
c n 


o3 

3 

cr 

<u 


oS 

<L> 


CD 


-C 

u 

3 


<D 

-X 


Oi 

>N 


U 


O 

o3 


<D 


l 


.8 

V 

§ 

til 

■V* 

<5> 


"O 

(L> 

X 


>.  o 
-c  ^ 

Jfa 

o  — 

O  O 
-C  00 

H 


_  c  *- 

G  -X  « 
-■  — >  <V 


_a 

=  :  ^  S3 

.-3  o  o 
*  o  \r\ 
c  w  rmj* 


<U 

-C 

u 

c 


•6  « 

3  3. 

yn  cr 

<  w 


CtJ 

3 

cr 

(D 


Cj 

<L> 


<L» 


-c 

u 

3 


D 


c3 


03 

U 


S  £ 


jj  t_i 

O.  „ 

a!  CL  w 

3  CL  O 

J2  3  a. 

-o3  °-c  c 
•-  OL.^.S 

^  C  £  G3 

•O  C  -O  S 
.2  2.2^ 
a  s 


>s  to  <u  rr1 

J-T  <D  -n  <L> 

ti  u72  > 
-C  C»  w  ^ 

•2P*a  o  ^ 

■s-o  “  £ 

i«Jf 


S  2 

■f  ^ 

to 


QJ  to 
23  <L> 


55* 

.8 

1 

tq 

•£ 


c  _  f 
•c:  u 


"O  -U 
U  D 

*-*  w 
03  o3 
*->  w 

to  to 
* -»  w 

O  O 


!i-n 


<->  4J 
V5  1- 

w  o 

c 

o 

LlviX 
"O  <u 

L> 

ID  SI 

c 

o 

o 

£.C 

c 

*s 

27 

c« 

V 

O  y 

-C 

* 

W5 

"O 


ri  G3  "G 
G  T3  p 


N 

oc  u 
c  "P 


.S:  fi 

G  —  -C2  "O  ■«  .-3  "O  =3  CL 

S'S-fi  JS 

C  C 


'a  °  ^ 

c  E  > 
«  o  .2 
w-s 

3 

cn 


a 

■o 

3 

oo 


<L 

> 

o 


<u 


t;  m 

S  c 

-C  w 
^  J3 
C  ^ 

*— i  o 

1  O  m 

O 

in  y 
V  <u 
O  ~ 


2  CT,  z 

3  w  H 
J?  O  G 
O  CL 


to 

ci 

to 

a 

^ 2 
O  03 

u  o 

CL 


U 

o 


o 

a* 


N 

<U 

-a 

<L> 

a 

m 

U 


O  G 
o  O 

tf’S 

^2 


h- 

G\ 


C\ 

rri 


<N 

XJ* 

OS 


00  00 
fCi  fO 

os  os 


oo 

r<S 

OS 


<N 

sr 

Os 


fN 

■^r 

Os 


1 


jg 

o 

o 

c« 

"O 

c 

c3 


o 


<U 

fi? 

o 

D 

o 

o 

s 


c 


o 

u 


^■1 

'c  S 

^  3 


w, 

G 

O 

N 


O 

O 

X 

D 


& 

U 

£ 


m 

c  «3 

4J  O 

So 

OS 


G 

O 

u. 

CQ 


“O 

c 

•G 

t>0 

3 

O 

I 


Jj 

_Q 

O 

Pi 


V 
rt  t» 
C  m 

2  S3 

C  G 

o  C 

yn  QJ 


3 

#U 

w 

U 

l» 

G 

G 

O 

U 


<->  c« 
U  "3 

«  Js  C 
V  ID 
> 


3  X  5  >, 

_C  £  > 

LI  <L  -Go 
«-s  ^  3 
S  >  G  ti 

s2^  £  £ 


197 


198 


Manufacture  and  Use  of  the  Superphosphates 

conditions  has  been  demonstrated  by  the  work  of  Truog  (1916),  Marais 
(1922),  Parker  (1931),  and  others.  Truog  (1916),  of  the  Wisconsin  Experi¬ 
ment  Station,  secured  results  showing  that  freshly  precipitated  ferric  and 
aluminum  phosphates  were,  for  most  of  the  crops  tested,  more  readily 
available  than  the  mineral  phosphates,  although  not  as  available  as  super¬ 
phosphate.  Truog  grew  various  crops  in  pots  of  quartz  sand  and  fertilized 
them  with  various  phosphates.  He  then  determined  the  percentage  of 
normal  growth  of  the  various  crops  grown  when  supplied  with  each  phos¬ 
phate.  The  growth  of  the  crops  to  which  the  superphosphate  had  been 
added  was  taken  as  normal  and  represented  by  100.  His  results  are  given 
in  Table  54.  Nevertheless,  as  has  been  pointed  out  by  Traps  and  Fudge 
(1945),  while  the  above  pure  salts  of  iron  and  aluminum  are  highly 
available,  yet  in  the  soil  they  usually  become  hydrated  compounds  of 
low  solubility  and  availability  to  plants. 


Table  54 


Per  Cent  Normal  Growth  op  V«k*»  Crops  on '  Phosphate  I*™™ 


Crop 


Oats . 

Buckwheat 

Rape . 

Corn . 

Barley .... 
Alfalfa. .  .  . 
Clover.  .  . . 

Millet . 

Serradella. . 


Check 

Super 

Alumi¬ 

num 

Trical¬ 

cium 

6.8 

100.0 

96.4 

70.5 

3.6 

100.0 

88.0 

70.1 

0.8 

100.0 

96.4 

76.2 

8.6 

100.0 

56.3 

26.8 

16.7 

100.0 

104.7 

62.2 

1.5 

100.0 

78.6 

99-2 

1.0 

100.0 

84.2 

64.5 

0.7 

100.0 

86.7 

34.8 

0.6 

100.0 

78.7 

90.4 

Ferric 


799 

32.5 

23-4 

40.3 

133.5 

93-6 

68.9 

1038 

111.7 


Ferrous 


82.9 

63-3 

61.5 
193 
79.7 
28.1 

23.6 
31.0 
28.2 


Rock 


Mag¬ 

nesium 


9.1 
70.0 

46.8 
10.0 

25.8 
38.3 

6.1 

4.1 

3.2 


21.3 

15.5 

7.1 

26.7 

16.0 

49.9 


Manga¬ 

nous 


76.4 

125.3 

20.8 

4.2 

73.8 

51.7 


„  1-  p—  « *  ““i"  r;s 

(IMS-*.!  P“P“' J““  _  phmphm.,  *1*1'  T'”*1'  -°,k 

precipitation  of  iron  ilable  but  to  an  "anion  exchange" 

:bi;"hLrnte  exchanged  for  hydroxy!  ions  of  colloida! 

not  readily  available  basic  iron  p  P  (1935)  has  shown  that 
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soil  largely  as  basic  iron  phosphates,  with  perhaps  some  aluminum  phos¬ 
phates.  As  laterites  are  usually  low  in  their  calcium  content  very  little  of 
the  phosphorus  is  fixed  as  the  calcium  phosphate.  Davis  (1935),  working 
with  Hawaiian  soils,  found  that  marked  fixation  of  phosphates  occurred 
in  soils  in  which  the  replaceable  bases  had  been  exchanged  for  alkali  metal 
ions,  and  Chandler  (1941)  showed  that  the  extraction  of  free  iron  and 
aluminum  oxides  caused  a  reduction  in  the  phosphorus  absorptive  capac¬ 
ity  in  practically  every  case. 

It  seems  logical  to  conclude  that  the  reversion  of  superphosphate 
in  the  soil  must  depend  to  a  great  extent  upon  the  mineral  composition 
of  the  soil,  the  clay  content  of  the  soil,  and  the  reaction  of  the  soil  solution 
and  that  the  reversion  to  very  slowly  available  forms  is  dependent  upon 
the  presence  of  fluorides.  Perkins  and  King  (1944)  have  presented 
data  that  seem  to  indicate  that  the  mica  groups  of  minerals  in  the  soil 
constitute  the  chief  mineral  species  responsible  for  phosphate  fixation. 
Their  results  are  given  in  Table  55. 


Table  55 

Phosphate  Fixation  by  Some  Common  Soil  Minerals* 


HiPO*  Fixed  per  100  g.  of  Mineral 


HiPOi  Fixed  per  100  g.  of  Mineral 


Kaolinite . 

Talc . ’ 

Pyrophyllite. 

Muscovite . 

Phlogopite . 

Biotite . 

Margarite 

*  All  minerals  ground  to 


g- 

0.28 

Magnetite  (Fe304) . 

g- 

0.00 

0.01 

Hematite  No.  1  (Fe-r03). . 

1.14 

0.05 

Hematite  R.O.  (Fe203).. 

0.07 

6.84 

Limonite  (2Fe203.3H20) . 

0.80 

0.96 

Quartz  (Si02) . 

0.01 

5.25 

Rutile  (TiO>). . . 

0.29 

5.78 

Ilmenite  (FeO.TiO,). 

- - - 

0.01 

pass  100-mesh  sieve  (150). 


The  question  has  been  often  raised  as  to  why  the  superphosphates,  if 
hey  revert  to  the  tricalcium  form  when  applied  to  soil  containing  lime, 
superior  to  the  ground  phosphate  rock.  The  explanation  formerly 

aTphedTothr  ■  ^  “'f16  kPhThateS  ^  -‘-on  when 
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increased  surface  exposed  for  solution  activities  probably  accounts  for  its 
greater  availability. 

Today  it  is  recognized  that  phosphate  rock  carries  fluorine  and  that, 
as  already  pointed  out,  the  fluorine  is  in  combination  with  the  tricalcium 
phosphate.  As  calcium  fluoride  is  an  exceedingly  stable  combination,  this 
may  offer  the  real  explanation  for  the  difference  in  availability  of  apatite 
and  tricalcium  phosphate.  Acidulation  of  phosphate  rock  breaks  up 
the  calcium  fluor-phosphate  molecule  and  this  molecule  is  either  not 
formed  again  upon  reversion  in  the  soil  or,  as  stated  above,  it  is  only 
formed  to  a  limited  extent.  All  soils  carry  some  fluorine,  and  Maclntire 
(1942)  has  reported  0.15  pound  of  fluorine  per  acre  brought  down  in 
rainwater  in  one  locality  in  Tennessee. 

Fluoride-free  superphosphate,  or  superphosphate  of  low  fluorine  con¬ 
tent,  can  be  made.  Such  superphosphate  would  be  ideal  for  ammoniation 
and  far  superior  for  general  use  to  the  ordinary  superphosphate  now  on  the 
market. 


Rapidity  of  Fixation  or  Reversion  of  Superphosphates 

in  the  Soil 

Phosphorus  does  not  take  part  in  base-exchange  reactions  and  is  not 
fixed  in  the  soil  like  potassium,  calcium  and  magnesium.  The  seat  of  the 
phosphate-absorbing  power  of  the  soil  is  in  the  basoid  constituent  of  the 

soil  clay  colloid. 

The  rapidity  of  reversion  of  the  water-soluble  phosphoric  acid  of  cal- 
cium  superphosphate  depends  upon  the  conditions  existing  in  the  soil.  A 
study  of  the  results  of  investigational  work  would  indicate  that  the  rever¬ 
sion  takes  place  rather  rapidly,  in  many  cases  immediately,  when  super¬ 
phosphate  is  thoroughly  mixed  with  the  soil,  but  when  superphosphate 
is  not  well  mixed  with  the  soil,  reversion  may  not  take  place  for  some 
months.  Scarseth  found  that  a  Vaden  clay  of  the  Alabama  Black  Belt 
reduced  the  availability  of  a  250-pound  per  acre  application  of  superphos¬ 
phate  12  per  cent  in  30  days  and  85  per  cent  in  one  year.  It  appears  that  the 
longer  a  phosphate  remains  in  the  soil  the  larger  will  be  the  percentage  of 
phosphate  fixed  in  a  less  available  form.  On  the  other  hand  the  mote  the 
compounds  of  the  soil  become  saturated  with  phosphorus  the  smaller  will 
be  the  percentage  of  the  phosphorus  fertilizer  that  may  be  held  in  an 

ItS  (ol  Experimems  »  B—  “ 

Experiment  Station,  England,  as  reported  by  op  (  > 

that  fixation  of  the  soluble  phosphates  takes  place  within  the  surface  9 
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inches  of  soil.  After  50  annual  applications  of  392  pounds  of  superphos¬ 
phate  per  acre  the  subsoil  was  found  to  be  very  little  richer  in  phosphoric 
acid.  Likewise,  Bear  and  Salter  (1916)  found  that  soluble  phosphates 
applied  to  field  plats  at  the  West  Virginia  Experiment  Station  were  fixed 
in  the  surface  6^  inches  of  the  soil.  Metzger  (1940)  found  that  a  large 
proportion  of  the  easily  soluble  phosphorus,  which  accumulated  in  the 
soil  following  the  top  dressing  of  various  phosphates  on  alfalfa  for  27 
years,  remained  in  the  surface  4  inches  of  the  soil.  At  the  Wisconsin 
Experiment  Station  300  pounds  of  superphosphate  was  applied  as  a  sur¬ 
face  application  to  an  acre  of  permanent  pasture.  A  year  later  it  was  found 
that  it  had  not  moved  downward  beyond  1  inch  below  the  surface  and 
that  a  greater  part  of  it  was  contained  in  the  surface  ^  inch  of  soil. 
Crawley  (1902)  mixed  soluble  phosphates  with  layers  of  soil  of  different 
depths.  He  then  leached  the  soil  layers  with  water,  immediately  in  one 
case,  and  after  15  hours  in  another.  He  found  that  of  the  soluble  phos¬ 
phoric  acid  added  the  amount  that  remained  in  the  soil  after  leaching  the 
1-inch  layer  was  53-35  per  cent  when  leached  immediately,  and  99.18  per 
cent  when  leached  15  hours  after  application.  The  amount  that  remained 


in  the  6-inch  layer  was  97.22  per  cent  when  leached  immediately  and  99.66 
per  cent  when  leached  15  hours  after  application.  Harrison  and  Das 
(1921)  have  shown  that  the  fixation  of  superphosphate  takes  place  more 
rapidly  in  a  calcareous  soil  than  in  a  noncalcareous  soil.  Flor  (1943) 
believes  that  the  chlorotic  dieback  of  flax  often  seen  in  the  Red  River 
valley  of  North  Dakota  is  due  to  a  phosphate  deficiency  resulting  from  a 
soi)  pH  of  7.6  and  above.  Heck  (1934)  found  the  greatest  phosphate 
penetration  occurred  in  soils  which  showed  a  neutral  to  slightly  acid 
reaction  and  which  contained  little  active  iron  or  aluminum.  Because  of 
the  lower  fixation  power  of  sandy  types  of  soil  a  greater  loss  of  phosphoric 
acd  by  leaching  may  occur  from  sands  than  from  loams  and  clays  Hib- 

rha,  i'T  ’  SUTr‘Zmg  the  resuks  °f  ™ch  published  data,  concluded 
hat  the  fixation  of  phosphates  in  the  soil  may  be  increased  by  raising  the 

pH  or  by  adding  I, me  or  soil  colloids.  It  could  be  decreased  by  lowfring 

the  pH  or  by  adding  Na+,  NH,+  soluble  silica,  or  organic  colloids  and  by 

_mp  oying  specific  methods  of  placements  and  by  using  pellets  instead  of 
fine  particles  of  phosphate  fertilizer.  F  0f 

In  view  of  the  great  attention  that  has  been  riven  the  nrnkl^m  u 

Pk...  ... 
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fixation,  therefore,  has  no  justification  as  an  argument  against  the  use  of 
soluble  phosphatic  fertilizers.” 

Organophosphates 

Stewart  (1936)  has  suggested  that  advantage  be  taken  of  the  solubility 
of  some  organic  phosphate  compounds  and  that  phosphorus  be  applied  to 
the  soil  in  these  forms.  He  concluded  that  these  compounds  are  not  made 
insoluble  in  the  presence  of  calcium,  iron  and  aluminum.  Stewart  has 
successfully  used  calcium  glycophosphate,  calcium  glycerophosphate, 
calcium  sorbitol-phosphate  and  calcium  glucophosphate  on  tobacco.  All 
these  phosphates  were  able  to  penetrate  a  7-inch  column  of  soil.  Hilbert 
et  al.  (1938),  however,  found  that  the  organic  phosphates  could  be  fixed 
but  that  the  fixation  varied  widely  with  the  soil. 

Allison  et  al.  (1941)  found  that  the  organic  phosphates  showed  availa¬ 
bilities  similar  to  those  of  the  common  inorganic  phosphates  but  that 


Table  56 

Availabilities  of  Some  Organic  Phosphates  as  Found  by  the  Neubauer  Method 

in  Sand  and  Soils 


PiOt 

Percentage  of  added  phosphorus  taken  up 
by  plant  in: 

Phosphates 

Added 

(mg.) 

Quartz 

Sand 

Norfolk 

Sandy 

Loam 

Chester 

Loam 

Cecil 

Clay 

Loam 

Las 

Vegas 

Loam 

78 

84 

33 

23 

47 

Sodium  glycerophosphate. . . 

1  25 

71 

74 

33 

21 

58 

1  10 

58 

55 

7 

Calcium  hexose  diphosphate 

{  25 

48 

60 

14 

/  10 

84 

55 

17 

Sodium  nucleate . 

1  25 

79 

71 

16 

f  10 

79 

45 

4 

Nucleic  acid . 

1  25 

66 

47 

10 

Dipotassium  phenylphos- 
phate. 

Potassium  diphenylphos- 
phate. 

Dipotassium  diphenylpyro- 

{S 

{S 

1  10 

52 

54 

73 

57 

67 

65 

51 

48 

79 

53 

63 

56 

5 

15 

30 

25 

12 

14 

phosphate. 

l  25 

1  io 

74 

75 

36 

Calcium  ethylphosphate 

Calcium  diethylphosphate. . 

{ 

(  10 

1  25 

65 

50 

40 

76 

58 

52 

35 

42 

38 

23 

20 

31 

26 

Triethylphosphate . 

25 

3 

4 

3 

1  •• 
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soil  type  influences  the  availabilities  of  the  phosphates.  Some  of  their 
results  are  given  in  Table  56. 

In  1944  Spencer  and  Willhite  reported  Neubauer  tests  with  4  inorganic 
and  11  organic  phosphates,  which  showed  the  chemical  availability  of  the 
phosphorus  in  9  of  the  11  organic  carriers  to  be  just  as  high  as  that  in  any 
of  the  inorganic  carriers.  Their  results  are  given  in  Table  57. 

Table  37 

Uptake  of  Phosphorus  in  Neubauer  Tests  with  Christiana  Soil  Treated  with 

Inorganic  and  Organic  Phosphates 


Phosphate 


Name 


(No  treatment) . 

Inorganic  Phosphates: 

Treble  superphosphate  , . 

Calcium  metaphosphate,  TVA  #443-A.  .  .  . 

Fused  rock  phosphate,  TVA . 

Sintered  phosphate . 

Organic  Phosphates: 

Calcium  glycol  phosphate . 

Calcium  glucose-3-phosphate . 

Monoethyl  calcium  phosphate . 

Diethyl  calcium  phosphate . 

Triethyl  phosphate . 

Monoethyl  calcium  acid  phosphate . 

Mixture  (50-50)  of  monoethyl  and  diethyl 

calcium  phosphates . 

Mixture  (50-50)  of  diethyl  calcium  phos¬ 
phate  and  monoethyl  calcium  acid 
phosphate . 

Calcium  salts  of  phosphates  of  sugars  in 

blackstrap  molasses . 

Crude  "calcium  ethyl  phosphate" . 

Mixture  (50-50)  of  monomethyl  and  di¬ 
methyl  calcium  phosphates . 


Phosphorus 

{Found) 

Uptake  of  P  by  Cultures 
Planted  after  Various  Periods 
oj  Phosphate-Soil  Contact 

Per  Cent 

0-day 

6-day 

18- day 

30- day 

mg. 

mg. 

mg. 

mg. 

10 

.5 

11 

.  1 

11 

.2 

11.0 

20.65 

12 

.2 

13 

.1 

13 

.2 

12.6 

26.93 

11 

9 

12 

9 

13 

.2 

12.9 

12.32 

11 

.5 

13 

1 

13 

.2 

12.3 

16.17 

11 

.7 

13 

.3 

13 

.2 

12.3 

16.96 

12 

.2 

13 

0 

12 

.8 

12.3 

10.14 

11 

•  9 

12 

7 

12 

4 

12.7 

18.43 

12 

.1 

13 

1 

12 

9 

12.3 

17.91 

12 

.1 

13 

2 

13 

2 

12.7 

17.18 

11 

5 

11 

8 

11 

4 

10.9 

21.18 

12 

8 

13 

1 

13 

0 

12.9 

18.10 

12 

5 

13 

5 

13 

0 

13.0 

19.50 

12 

4 

13 

6 

12 

9 

13.1 

6.24 

11 

2 

12 

3 

12 

0 

11.7 

17.70 

12 

3 

13. 

1 

13 

0 

12.8 

18.40 

12 

9 

13. 

0 

12. 

7 

12.5 

Fertilizers  that  May  or  May  Not  Be  Mixed  with 
Superphosphates 

fhflfF°r  yTS  thC  ldea  haS  been  Prevalent  that  fertilizing  matt 
chac  carry  hme  should  nor  be  mixed  with  the  superphosphates” 
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sion  might  be  brought  about  which  would  make  the  phosphoric  acid  una¬ 
vailable  to  plants.  For  this  reason  it  was  thought  inadvisable  to  mix  such 
substances  as  wood  ashes,  lime,  or  basic  slag  with  the  superphosphates, 
except  under  special  conditions.  It  has  been  shown,  however,  by  Moores 
(1928)  and  Maclntire  and  Shuey  (1932),  of  the  Tennessee  Experiment 
Station,  that  ground  dolomitic  limestone  which  is  not  very  reactive  may  be 
added  as  a  filler  to  a  complete  fertilizer  without  greatly  reverting  the 
soluble  phosphates,  and  similar  results  have  been  secured  by  Conner 
(1930).  In  view  of  this  and  other  work  by  many  investigators,  most  of 
the  state  experiment  stations  are  now  advising  the  use  of  ground  dolomitic 
limestone,  but  not  calcitic  limestone,  as  a  filler  lor  fertilizers.  It  appears 
also,  that  the  use  of  reasonable  amounts  of  lime  with  superphosphate  on 
acid  soils  will  aid  in  keeping  the  applied  phosphorus  in  an  available  cal¬ 
cium  form  and  thus  prevent  the  formation  of  the  relatively  unavailable  iron 
and  aluminum  phosphates.  Albrecht  and  Smith  (1940)  think  that  the 
higher  the  degree  of  calcium  saturation  in  the  soil  the  longer  will  applied 
superphosphate  remain  in  the  soil  in  an  available  form,  and  the  greater 
will  be  the  efficiency  of  the  phosphate  application.  Reverted  tricalcium 
•  phosphate  is  now  accepted  as  being  largely  available  for  most  plants. 

Sodium  nitrate  and  the  superphosphates  may  be  mixed  in  any  desired 
ratios  In  the  early  days  of  the  fertilizer  industry  it  was  advised  that  sodium 
nitrate  and  the  superphosphates  should  not  be  mixed,  for  it  was  said  that 
free  nitric  acid  and  finally  the  oxides  of  nitrogen,  would  be  produced, 
which  might  become  a  menace  to  both  life  and  property.  The  idea  proba¬ 
bly  arose  from  the  fact  that  formerly  commercial  mixing  plants  often  re¬ 
ported  a  loss  of  nitrogen  where  the  two  compounds  were  mixed.  Th.s  was 
due  to  the  fact  that  their  materials  were  not  dry  and  the  sold.um  nitrate 
.  was  decomposed  by  sulfuric  acid  probably  as  follows: 

NaNOj  +  H2SO,  =  NaHSOi  +  HNO, 

2NaNOa  +  H2SO,  =  Na-iSO,  +  2HNO, 

b«,  m.«,  “,£<1 « 

-I-  -»  '—I  ^  I"'11' 

than  free  chlorine  or  fluorine. 
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Fig.  65.  Influence  of  superphosphate  on  the  growth  of  alfalfa  at  the  Moran 
experiment  field,  Kansas.  (Above)  Lime  only.  (Below)  Lime  and  superphosphate. 
(Courtesy,  Kansas  Agricultural  Experiment  Station  and  The  Fertilizer  Review  ) 


Ammonium  sulfate  and  potassium  sulfate  may  be  mixed  with  the 
superphosphates  without  producing  reversion  of  the  phosphates  to  the 
citrate-insoluble  form,  but  the  mixture  will  "set  up”  within  a  short  time 
and  unless  applied  immediately  will  have  to  be  reground. 


Analytical  Determination  of  Water-soluble  Phosphoric 
Acid  ^ 

Wh.le  the  monocalcium  and  dicalcium  phosphates  have  alrea'dy  been 
spoken  of  as  soluble,  they  ate  not  both  soluble  in  water.  Only  the  monocal- 
aum  phosphate  CaH4(P0l)2)  will  go  into  solution  in  pure  water  In 
1Zef  analyt,cal  work  *e  water-soluble  portion  of  a  phosphate  is 
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determined  by  leaching  a  known  quantity  of  the  material  and  then  drying 
and  determining  the  loss  in  weight.  This  loss  in  weight  largely  represents 
the  amount  of  monocalcium  phosphate  present  in  the  fertilizer,  and  is 
known  in  the  trade  as  water-soluble  phosphoric  acid.  The  monoammonium 
and  diammonium  phosphates  and  some  organic  phosphates,  such  as 
glycerophosphates  and  hexosephosphates,  also  are  water-soluble. 


Analytical  Determination  of  Citrate-soluble  Phosphoric 
Acid 


The  American.Association  of  Official  Agricultural  Chemists,  at  its  first 
meeting  in  1884,  adopted  a  method  for  the  determination  of  the  avail¬ 
ability  of  water-insoluble  phosphates,  other  than  basic  slag,  which  with 
few  minor  changes  is  still  employed. 

According  to  this  method,  as  now  used,  if  a  1-gram  sample  of  super¬ 
phosphate  which  has  previously  been  leached  with  water  is  treated  with  a 
standard  amount  of  a  neutral  solution  of  ammonium  citrate  of  a  specific 


gravity  of  1.09  for  1  hour  at  a  temperature  of  65°  C.,  the  dicalcium  form 
(Ca2H2(P04)2)  will  be  carried  into  solution.  As  stated  before,  this  citrate- 
soluble  phosphate  has  been  commonly  referred  to  in  the  trade  as  reverted 
or  precipitated ,  phosphoric  acid. 

It  has  been  found  that  a  similar  treatment  of  water-leached  material 
will  dissolve  a  considerable  amount  of  the  phosphoric  acid  found  in  tank¬ 
age,  bonemeal,  basic  slag,  and  aluminum  and  iron  phosphates  as  well  as 
calcium  and  potassium  metaphosphates,  the  defluorinated  phosphates, 
and  such  products  as  Rhenania-Phosphate.  Basic  slag,  however,  is  uni¬ 
versally  evaluated  by  means  of  the  Wagner  citric  acid  method.  . 

Tricalcium  phosphate  that  has  originated  through  the  precipitation 
of  monocalcium  or  dicalcium  phosphate  is  also  a  reverted  phosphate 
although  it  is  not  the  compound  that  is  known  in  the  trade  ^everted 
phosphate.  It  is  soluble  in  ammonium  c.ttate  solution  usually  to  the 
extent  of  about  50  pet  cent,  depending  upon  the  conditions  un  et  w  1 
^  material  was  precipitated  and  subsequently  dried.  This  ptecipnated 
tticalcium  phosphate  is  not  of  the  same  crystalline  structure  as  that  o 
phosphate  of  phosphate  rock.  The  taw  rock  phosphate  is  only  slightly 

SOlUFot  seventTfiv^eatrthVstudy  and  experimentation  of  the  neutral 
ammonium  citrate  method  has  proved  it  to  be  -  extern  m«ho  ^ 
used  in  fertilizer  research  and  in  the  administration  of  fertilizer 

laws. 


Analytical  Determination  of  Available  Phosphoric  Acid 
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Superior  Qualities  of  Dicalcium  Phosphate 

Since  dicalcium  phosphate  will  not  revert  in  the  soil  as  rapidly  as 
monocalcium  phosphate,  and  since  it  is  available  to  plants,  it  has  been 
suggested  that  all  calcium  superphosphates  should  carry  their  phosphorus 
in  the  citrate-soluble  form.  But  the  production  on  a  commercial  scale  of  a 
superphosphate  of  this  nature  is  rather  difficult.  Experiments  for  the 
solution  of  this  problem  are  now  being  carried  on.  Dicalcium  phosphate 
cannot  be  obtained  by  treating  phosphate  rock  with  an  acid  but  is  made 
by  precipitating  phosphoric  acid  with  lime.  It  has  excellent  physical 
properties  and  is  a  better  source  of  phosphorus  for  plants  than  calcium 
metaphosphate,  calcined  or  fused  phosphates. 

A  citrate-soluble  phosphate  containing  its  phosphorus  in  the  tricalcium 
and  tetracalcium  forms  may  be  produced  by  heating  ordinary  super¬ 
phosphate  to  a  temperature  of  1400°  C.,  but  plant  tests  conducted  with 
this  material  have  not  been  reported. 


A  phosphate  carrier  which  has  been  described  by  Nordengren  and 
Lehrecke  (1940)  may  meet  the  needs  of  the  agriculturist  better  than  any 
superphosphate  now  on  the  market.  It  consists  of  coating  granules  of 
ordinary  superphosphate  with  any  powdered  product  containing  citric 
acid  soluble  phosphoric  acid  such  as  basic  slag  or  other  products  produced 
in  smelting  or  sintering  processes.  A  reaction  results  between  the  monocal¬ 
cium  phosphate  and  the  free  phosphoric  acid  of  the  granules  and  the 
citric  acid-soluble  compound  of  the  coating,  forming  a  crust  with  a  higher 
percentage  of  citrate-soluble  phosphoric  acid  than  in  the  interior  of  the 
gramilc.  In  this  way,  the  free  phosphoric  acid  is  reduced  without  essenti¬ 
ally  diminishing  the  water-soluble  phosphorus,  and  when  annlied  m 


Available  phosphoric  acid  in  basic  slag  is  that  phosphoric  acid  which 


which 
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is  soluble  in  a  2  per  cent  citric  acid  solution.  In  other  words,  available 
phosphoric  acid  in  basic  slag  is  citric  acid-soluble.  This  method  of  deter¬ 
mination  of  availability  is  known  as  the  Wagner  Method. 

Analytical  Determination  of  Organic  Phosphorus 

It  is  now  recognized  that  in  those  soils  which  are  high  in  organic 
matter  a  significant  proportion  of  the  total  phosphorus  occurs  in  organic 
combination.  Plants  are  known  to  utilize  this  phosphorus,  although  not 
as  readily  as  they  utilize  the  phosphorus  in  calcium  or  magnesium  com¬ 
pounds.  Dickman  and  DeTurk  (1938),  of  the  Illinois  Experiment  Station, 
have  worked  out  a  method  for  the  determination  of  organic  phosphorus 
based  on  the  liberation  of  phosphorus  by  decomposition  of  organic 
matter  with  hydrogen  peroxide  and  subsequent  extraction  with  0.2  N 
sulfuric  acid. 


Residual  Influences  of  Superphosphate 

The  residual  influences  of  superphosphate  are  noticeable  for  some 
years  following  an  application  of  the  fertilizer.  Bushnell  (1941)  repotted 
that  an  annual  application  of  400  pounds  pet  acre  of  16  per  cent  super- 
phosphate  for  16  years  resulted  in  the  accumulation  of  available  phos¬ 
phorus  sufficient  to  maintain  the  yield  of  tomatoes  and  cucumbers  for 
four  years,  and  the  yields  of  cabbage  and  sweet  corn  for  eight  years. 
Naeaoka  (1904)  has  reported  the  residual  effects  of  superphosphates  upon 
rice  grown  on  acid  soil  of  a  paddy  field.  He  found  that  the  increases  in 
rice  yields  due  to  the  use  of  superphosphates  were  greatest  the  first  year, 
decreasing  the  second  and  third  years,  but  increasing  the  fourth  yean 
Baker  (1925),  working  with  a  number  of  Iowa  soil  types,  both  in 


Table  58 


Relative  Influence  of  the  Continued  Use  of  Various  Phosphates 

ryM  THF  LlME  REQUIREMENT  OF  THE  SOIL 


Total  Crop  Grown 
During  Last  5  Yrs. 
(tons) 

Lime  Requirement, 
Jones  Method,  Lbs. 
CaO  per  Acre 

17.6 

2700 

29-4 

2520 

31.5 

2340 

2250 

Superpnospnaic 

42.2 

Extra  superpnospnatc 

33.4 

2160 

32.7 

2070 

209 


Do  Superphosphates  Make  Soils  Hard? 


greenhouse  and  in  the  field,  calculated  the  rate  of  exhaustion  of  the  phos¬ 
phoric  acid  following  applications  of  44  per  cent  treble  superphosphate  to 
be  12.3  per  cent  the  first  year,  8.9  per  cent  the  second  year,  and  7.1  per 
cent  the  third  year.  This  is  a  total  of  only  28.3  per  cent  for  the  first  three 
years.  Russell  (1932)  concludes  that  plants  do  not  usually  recover  more 
than  20  per  cent  of  the  phosphates  supplied. 

Skinner  and  Beattie  (1917),  working  at  the  Arlington,  Virginia,  farm 
of  the  United  States  Department  of  Agriculture,  reported  that  the  lime 
requirement  of  the  surface  6  inches  of  the  soil  was  increased  following  5 
annual  applications  of  superphosphate  at  the  rate  of  200  pounds  per  acre, 
but  Burgess  (1922),  of  the  Rhode  Island  Experiment  Station,  concluded 
that  there  is  no  foundation  for  the  statement  that  soils  will  become  more 
acid  following  the  continuous  use  of  superphosphate.  His  results,  which 
show  the  accumulated  influence  for  a  period  of  27  years,  are  given  in  Table 
58.  They  show  that  the  application  of  all  phosphates  will  produce  a  less 


acid  condition  in  the  soil.  The  phosphates  were  applied  at  the  rate  of  200 
pounds  of  superphosphate,  or  its  equivalent,  per  acre  annually. 

Russell  (l932)  has  stated  that  at  the  Rothamsted  Experiment  Station, 
there  has  been  no  indication  that  the  superphosphates  ever  make  a  soil 
acid. 

The  experimental  data  available  in  regard  to  the  influence  of  super¬ 
phosphate  upon  the  acidity  of  the  soil  are  not  conclusive,  but  as  would  be 
expected  it  appears  that  under  most  conditions  it  does  not  have  a  material 
influence.  Although  monocalcium  and  dicalcium  phosphates  are  acid 
phosphates  they  readily  revert  and  do  not  materially  influence  the  pH 
value  of  the  soil.  Pierre  (1934)  has  concluded  that  for  most  soils  of  humid 
regions,  the  pH  values  of  which  lie  between  5.0  and  6.0,  superphosphate 

phosphate  rock,  and  monocalcmm  phosphate  can  be  considered  to  have 
no  appreciable  effect  on  soil  reaction. 

The  application  of  superphosphate  to  soils  that  cpntain  soluble  alumi¬ 
num  compounds  will  bring  about,  at  least  temporarily,  a  precipitation  of 
ese  compounds.  This  has  been  shown  by  Pierre  and  Stuart  (1933)  As 

setdhn, s  rUm  ,C°mpOUnf  are  t0xic  to  growth,  particularly  to 
g  ,  he  application  of  superphosphate  to  such  soils  may  aid  in 

S“®rtowt,:°X1Clty’  ^  'eaSt  Unt"  PlaMS  haVe  Pa-d  -edling 


Do  Superphosphates  Make  Soils  Hard? 

of  superphosphate  atd  » 
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unfounded  and  observed  instances  probably  result  from  a  decrease  in 
organic  matter  due  to  intensive  farming. 

Value  of  Superphosphate  as  Compared  with  Ground 

Phosphate  Rock 

Experimental  evidence  shows  that  in  most  cases  the  use  of  ground 
phosphate  rock  under  average  conditions  is  not  economical.  Mooers 
(1929),  summarizing  a  10-year  comparison  of  superphosphate  and  ground 
phosphate  rock  at  the  Tennessee  Experiment  Station,  when  applied  to  a 
DeKalb  soil,  concluded  that  while  ground  phosphate  rock  proved  to  be 
profitable  its  margin  of  profit  was  less  than  that  for  superphosphate. 

Thorne  (1919),  summarizing  25-year  results  of  experiments  designed 
to  determine  the  relative  crop-producing  value  of  various  phosphates  at 


Table  59 


Summary  of  All  Experiments  in  Which  Superphosphate  and  Ground  Phosphate 
Rock  Have  Been  Compared  at  the  Indiana  Experiment  Station— Average 

of  82  Tests  with  Various  Crops 


Crop 

Carrier  of 
‘Phosphoric  Acid 

Average  per  Acre  per  Year 

Yield 

Increase 

Phos¬ 

phate 

(lbs.) 

Value 
of  In¬ 
crease* 

Cost  of 
Phos¬ 
phate 

Profit 
or  Loss 

Corn, 

3 6  tests 

Wheat, 

33  tests 

Legumes, 
9  tests 

Potatoes, 
9  tests 

Superphosphate . 

Phosphate  rock . 

None . 

Superphosphate . 

Phosphate  rock . ,  . 
None . 

Superphosphate . 

Phosphate  rock.  .  . 
None . 

Superphosphate . 

Phosphate  rock . 

None . 

43 .04  bu. 
42.20  bu. 
37.55  bu. 

15.28  bu. 
12.88  bu. 
10.97  bu. 

2998  lbs. 
2773  lbs. 
2678  lbs. 

112.0  bu. 
94.2  bu. 
82.6  bu. 

5.49  bu. 
4.65  bu. 

4.31  bu. 

1  91  bu. 

320  lbs. 
95  lbs. 

29.4  bu. 
11 .6  bu. 

190.5 

532.0 

190.5 

532.0 

190.5 

532.0 

500.0 

1000.0 

$  2.95 
2.52 

4.63 

2.12 

1.60 

0.47 

14.70 

5.80 

$1.52 

1.86 

1.52 

1.86 

1.52 

1.86 

4.00 

3.50 

$1.43 

0.66 

3-11 

0.26 

0.08 

1.39 

10.70 

2.30 

Average 

205.  C 

4. Of 

1.64 

2.42 

of  the 

Superphosphate . 

•  * 

545.  C 

2.2S 

1.91 

0.38 

82  tests  f 

Phosphate  rock . 

1 

- - 

*  Value  of  increase  includes  value  of  corn  stover  and  wheat  straw, 
t  Average  length  of  time  tests  have  been  running.  3-47  • 
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the  Wooster,  Ohio,  Experiment  Station,  concluded  that  superphosphate 
proved  the  most  effective  carrier  of  phosphorus  in  proportion  to  its  cost. 
In  these  experiments  basic  slag  and  steamed  bonemeal  were  next  to  super¬ 
phosphate  in  effectiveness. 

Very  extensive  investigations  of  this  subject  have  been  carried  on  at 
the  Indiana  Experiment  Station.  In  1916  Wiancko  and  Conner,  of  this 
station,  summarized  the  results  of  all  the  experiment^  of  the  Indiana 
Experiment  Station  where  phosphate  rock  and  superphosphate  had  been 
compared.  Their  summary  is  given  in  Table  59- 

As  has  been  pointed  out  in  Chapter  7,  the  application  of  ground 
phosphate  rock  is  usually  made  in  large  quantities,  a  method  that  appears 
necessary  if  satisfactory  results  are  to  be  secured.  This  is  also  true,  but  to  a 
lesser  extent,  when  the  bone  products  are  applied.  On  the  other  hand,  the 
superphosphates  are  generally  applied  in  relatively  small  quantities,  the 
purpose  being  the  fertilization  of  the  immediate  crop.  Generally,  phos¬ 
phate  rock  and  the  bone  products  are  applied  for  the  purpose  of  fertilizing 
all  the  crops  in  the  rotation  and  therefore  may  be  used  most  satisfactorily 
in  sections  where  extensive  farming  is  practiced.  Usually  the  best  results 
are  secured  from  the  slowly  available  phosphates  when  they  are  applied  to 
crops  having  a  long  growing  season,  or  which  are  biennial  or  perennial 
rather  than  annual.  It  seems  desirable  that  highly  available  forms  of  phos¬ 
phorus  should  always  be  applied  to  crops  having  a  short  growing  season. 
In  Table  60  is  given,  according  to  Karraker,  et  al.  (1941),  the  relative  value 
of  various  phosphates  for  a  number  of  field  crops,  as  determined  in  the 
greenhouse  and  in  the  field  at  the  Kentucky  Experiment  Station. 


Table  60 


Relative  Value  of  Various  Phosphates  for  Crops  in  Kentucky 


Phosphate 


Ordinary  superphosphate. 
Triple  superphosphate  1 
Monocalcium  phosphate/ 
Dicalcium  phosphate. 
Calcium  metaphosphate. 
Fused  rock  phosphate. 
Tricalcium  phosphate. . 

Rock  phosphate . 

Colloidal  phosphate . 


In  Green- 

In  Field 

house 

Not  Limed 

Limed 

100 

100 

116 

94 

97 

119 

101 

100 

116 

103 

110 

126 

100 

114 

126 

77 

95 

92 

11 

71 

36 

18 

•  • 
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Relative  Value  of  Potassium  and  Calcium  Phosphate 

There  is  some  experimental  evidence  to  indicate  that  under  certain 
conditions  plants  can  assimilate  phosphorus  of  potassium  phosphate  more 
readily  than  that  of  the  soluble  calcium  phosphate.  Cooper  and  Wilson 
(1930)  have  shown  that  the  phosphorus  content  of  pasture  grasses 
is  positively  correlated  with  potassium  and  negatively  correlated  with 
calcium.  * 


Application  of  Superphosphates 

It  has  been  demonstrated  by  Haskell  (1923)  that  superphosphates 
applied  in  any  reasonable  application  are  comparatively  safe  to  germinat¬ 
ing  field  crop  seed,  with  very  little  regard  to  the  method  of  application. 
He  concludes  that  a  localized  application  of  fertilizer  is  more  beneficial 
and  economical  than  broadcast  distribution.  Similar  results  have  been 
reported  by  Hicks  (1900)  and  many  other  investigators. 

Because  superphosphates  in  solution  do  not  travel  far  from  the  place 
of  application,  particularly  in  clay  soils,  it  is  preferable  not  to  apply  them 
as  a  top  dressing,  but  to  place  them  so  that  they  will  be  within  reach  of  the 
feeding  roots  of  plants  to  be  fertilized.  Nevertheless,  superphosphates  have 
been  known  to  produce  marked  beneficial  effects  when  top-dressed  to 
pastures  and  old  stands  of  alfalfa,  but  the  slow  downward  movement  of 
phosphorus  in  permanent  pastures  often  prevents  a  rapid  response  of 
vegetation  following  an  application  of  superphosphate.  • 

Most  superphosphates  are  applied  during  the  spring  months,  but 
there  appears  to  be  no  good  reason  why  they  should  not  be  applied  at 
any  time  during  the  year  when  the  ground  is  not  frozen. 

The  reversion  of  superphosphate  in  the  soil  may  be  limited,  in  part,  it 
the  superphosphate  is  not  thoroughly  mixed  with  the  soil.  Also  the  app  1- 
cation  of  granulated  superphosphate  will  reduce  the  loss  result, ng  from 
fixation.  Because  fixation  of  phosphates  is  the  greatest  in  clays,  phosphat.c 

fertilizers  will  remain  available  longer  in  sands. 

The  subject  of  phosphorus  availability  needs  further  study  bur  pub¬ 
lished  results  of  experimental  work  would  indicate  that  the  ava, lability 
phosphorus  fron/the  principal  phosphorus  compounds  of  the  so,  is  m 
the  following  order:  (l)  calcium  or  magnesium  compounds  of  phos 
phorus,  (2)  organic  compounds  containing  phosphorus,  (3)  compoun 
of  iron  or  aluminum  and  phosphorus,  (4)  apatite. 


Phosphoric  Acid  on  Root  Development,  Maturation,  and  Composition  of  Plants  2 1 3 


Fig.  66.  Influence  of  superphosphate  on  the  growth  of  alfalfa.  {Right  and  left ) 
Superphosphate.  {Center)  No  superphosphate.  (Courtesy,  Kansas  State  Agricul¬ 
tural  College.) 


Importance  of  Phosphorus  in  Various  Systems  of 

Farming 

Phosphorus  is  one  of  the  first  elements  to  become  deficient  when 
virgin  land  is  put  under  a  grain  or  livestock  system  of  farming.  In  the 
midwestern  states  of  the  United  States,  where  these  two  systems  of 
farming  are  largely  employed,  phosphorus  is  the  first  limiting  element  of 
plant  growth.  This  is  due  in  part  to  the  fact  that  phosphorus  is  concen¬ 
trated  in  the  grain  and  the  livestock  products  which  are  sold  from  the  farm. 
Whitson  and  Stoddart  (1909)  found  that  soils  which  had  been  cropped  to 
grain  for  50  years  had  lost  about  one-third  of  their  total  phosphorus. 

When  virgin  soil  is  put  under  cultivation  a  rapid  decay  and  nitrification 
of  the  organic  matter  is  induced,  and  the  resulting  carbonic  and  nitric 
acids  aid  materially  in  making  available  the  insoluble  phosphates  of  the 
soil.  As  the  supply  of  organic  matter  decreases,  so  do  the  quantities  of 
carbonic  and  nitric  acids,  and  in  turn  the  quantity  of  available  phosphoric 
acid.  This  natural  process  has  played  an  important  part  in  increasing  the 

demand  for  the  superphosphates,  as  well  as  for  the  potashes,  in  the  older 
populated  areas. 


Influence  of  Phosphoric  Acid  on  Root  Development, 
Maturation,  and  Composition  of  Plants 

Many  investigators  have  called  attention  to  the  influence  of  the  phos¬ 
phates  in  producing  well-developed  root  systems,  and  especially  to  their 
influence  on  the  development  of  the  roots  of  seedlings.  This  influence  is 
very  apparent  with  such  crops  as  swedes  and  turnips.  Hoagland  (1944) 
called  attention  to  the  fact  that  plants  with  a  determinate  growth,  like 
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wheat,  can  absorb  enough  phosphate  within  a  few  weeks  to  insure  a 
reasonably  adequate  supply  stored  in  the  plant  for  the  remainder  of  the 
growth  cycle,  but  that  plants  with  an  indeterminate  growth,  like  tomatoes, 
present  a  different  problem.  . 

Noll  (1932),  of  the  Pennsylvania  Experiment  Station,  has  reported 
the  influence  of  phosphates  on  the  hastening  of  maturity  of  small  grain 
and  corn.  He  found  an  average  difference  for  4  years  of  3/-^  days  in  the 
ripening  of  wheat  between  plats  receiving  48  pounds  of  phosphoric  acid 
in  superphosphate,  and  plats  receiving  the  same  amount  of  phosphoric 
acid  in  phosphate  rock.  Increasing  the  amounts  of  both  superphosphate 
and  phosphate  rock  up  to  144  pounds  of  phosphoric  acid  per  acre, 
caused  small  but  consistent  increases  in  earliness.  The  effect  on  earliness 
of  cotton  of  varying  the  percentage  of  phosphoric  acid  in  a  complete 
fertilizer,  as  determined  by  Blackwell  and  Buie  (1924)  in  South  Carolina,  is 
given  in  the  table  below. 

Table  61 


Effect  on  Earliness  of  Cotton  of  Varying  Percentages  of  Phosphoric  Acid 
in  a  Complete  Fertilizer.  Figures  Are  Percentages  of  Total  Yields 

Obtained  at  First  Picking 


Place 

Soil  Type 

Yrs. 

Rate 

Applied 

0 % 

2% 

4% 

6% 

8% 

10% 

12% 

Allendale . 

Norfolk  sandy 

60.2 

61 A 

70.1 

69.3 

loam 

3 

1000 

53-6 

66 . 8 

Bishopville . 

Ruston  sandy 
loam 

3 

600 

59-1 

59.7 

62.8 

66.3 

64.5 

67.2 

* 

Trenton  . 

Greenville  clay 

46.4 

51.2 

50.5 

48.5 

* 

loam 

3 

800 

45.2 

48.6 

Greer . 

Davidson  clay 
loam 

Cecil  sandy  loam 

3 

600 

36.7 

33.2 

35.2 

41 .9 

41.1 

39-7 

45.6 

Cinffncv  . 

2 

600 

36.9 

50.0 

48.2 

57.8 

54.2 

56.7 

60.1 

T  a nra^rer . 

Durham  fine 

27.6 

76.9 

28.7 

88.4 

37.6 

88.7 

44.6 

90.6 

35.0 

* 

State  Park  .  .  .  . 

sandy  loam 
Norfolk  sand 

1 

1 

600 

1000 

21.2 

74.8 

76.9 

47.1 

53.5 

50.9 

57.0 

57.7 

57.7 

Average . 

- - 

— 

*  Not  represented.  ,  j  •  1 J 

The  influence  of  superphosphate  on  hastenmgthe  maturity  an ;  Yle 
Of  tomatoes  as  determined  by  Hepler  and  K»jrbW  »  f  «  ^ 
Table  62.  Similar  influences  have  been  notec b 'J “  (JJVnited 
North  Carolina  Experiment  Station,  and  by SkwnJiV). 

States  Department  of  Agriculture.  Noll  (1923),  however, 
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secure  increases  in  earliness  from  rates  of  application  above  the  needs  of 
the  crop  as  indicated  by  yields. 

Table  62 


Effect  of  Superphosphate  on  Maturity  of  Tomatoes 


Harvesting  dates 

Superphosphate  per  Acre 

None,  lbs. 

500  lbs. 

1,000  lbs. 

1,500  lbs. 

August  15 . 

108 

345 

648 

456 

August  23 . 

143 

641 

900 

724 

August  27 . 

225 

962 

1,274 

1,096 

September  3 . 

507 

1,906 

3,122 

2,413 

September  6 . 

1,067 

4,231 

6,779 

5,472 

September  12 . 

2,123 

7,653 

11,797 

9,974 

September  18 . 

4,048 

13,330 

18,069 

17,508 

October  1 . 

17,565 

23,153 

25,646 

27,422 

The  apparent  influence  of  phosphoric  acid  on  earliness,  as  indicated 
by  the  responses  shown  in  crop  yields,  seems  to  be  correlated  with  the 
solubility  of  the  phosphate  fertilizer.  It  has  been  shown  by  Thorne  (1919) 
that  superphosphates  have  a  greater  influence  in  promoting  earliness  than 
steamed  bonemeal  or  basic  slag,  although  the  crop  yields  were  approxi¬ 
mately  the  same  where  each  of  the  three  materials  were  used.  Nevertheless, 
the  available  evidence  in  regard  to  the  influence  of  phosphoric  acid  on 
plant  growth  is  not  conclusive.  It  is  still  doubtful  whether  the  effect  of 
phosphoric  acid  upon  root  development  is  more  pronounced  than  is  the 
effect  of  the  other  plant  nutrients  when  they  are  the  factors  limiting  plant 
growth.  While  phosphoric  acid  may  appear  to  have  a  more  pronounced 
influence  on  hastening  earliness,  nitrogen  and  potash  in  particular,  and 
even  calcium  and  other  elements  also  may  induce  earliness  if  applied  to 
soils  where  these  nutrients  are  deficient. 
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Increasing  the  rates  of  application  of  phosphatic  fertilizers  above  the 
needs  of  the  crop,  as  is  indicated  by  the  yield  of  the  crop,  has  not  been 
shown  to  increase  earliness  further. 

In  Africa  and  other  parts  of  the  world  the  soils  of  large  grazing  areas 
have  been  reported  to  be  so  deficient  in  phosphoric  acid  that  it  is  reflected 
in  the  natural  herbage,  with  very  serious  consequences  to  the  grazing  stock. 
Brand  (1943)  has  reported  that  phosphorus  is  so  deficient  in  the  Lima 
valley  of  Peru  as  to  give  a  purplish  color  to  the  leaves  of  corn  crops,  which 
in  turn  imparted  a  purplish  hue  to  the  evening  atmosphere. 

As  might  be  expected,  the  phosphoric  acid  content  of  crops  grown 
in  phosphorus-deficient  soils  may  be  increased  if  superphosphate  is  added. 
This  is  especially  evident  with  such  crops  as  turnips.  Hartwell  (1913) 
reports  that  the  percentage  of  phosphoric  acid  in  turnips  at  the  Rhode 

Table  63 


Phosphoric  Acid  Content  of  Samples  of  Pasture 
Grasses  Secured  from  Scotland  and  England 


Nature  of  Pasture 

Per  Cent 

0.74 

Cultivated  pabiuic . 

Good  natural  pasture,  all  grazed . 

0.67 

0.60 

Poor  natural  pasture,  wicu . 

0.37 

Poor  natural  pasture,  nui  c<u.cu . 

Island  Experiment  Station  is  a  better  criterion  of  the  supply  of  available 
phosphoric  acid  in  the  soil  than  is  the  extraction  of  phosphorus  from 
soil  by  ordinary  solvents.  Corrie  (1930)  has 

which  were  obtained  with  pasture  grasses  at  the  Rowett  Research  Ins 
tute*  which  appear  to  bear  out  this  generality.  These  results  are  given  in 

Table  63- 


Loss  of  Phosphates  from  the  Soil 

Many  investigators  have  shown  that  to 

phosphoric  acid  are  lost  from  the  sol  y  ea  J  ionize, 

-  -  “ 

insoluble  form.  in  the  New  Jersey  cylinder 

Blair  and  Prince  (1924)  have  report  fr6m  the  soil  by 

experiments  very  little  phosphoric  ac,  J  b  mlJe  The 

leaching  where  average  applications  of  phosphate 
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experiments  do  show,  however,  that  the  larger  the  application  of  phos¬ 
phate  the  greater  the  loss  of  leached  phosphorus. 

Bryan  (1933),  Hester  (1937),  Anderson  (1927)  and  others  have  pointed 
out  that  in  those  sections  where  the  application  of  complete  fertilizers  has 
become  a  common  practice  the  total  phosphoric  acid  content  of  the  soil 
tends  to  increase  because  generally  more  phosphoric  acid  is  added  to  the 
soil  than  is  removed  in  crops  and  lost  by  leaching.  Under  the  present 
practices  of  fertilizer  application,  more  phosphoric  acid  is  being  returned 
to  the  soils  of  the  South  Atlantic  states  which  receive  fertilizer  than  is 
being  removed  in  crops  and  drainage.  It  has  been  said  that  the  American 
people  are  the  greatest  producers,  consumers,  and  wasters  of  phosphates 
in  the  world. 
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Probably  the  most  outstanding  development  that  has  taken  place  in 
recent  years  in  the  manufacture  of  fertilizers  has  been  the  utilization  of 
ammonia  solutions,  sometimes  called  liquors,  as  a  source  of  fertilizer  nitro¬ 
gen.  The  last  15  years  has  witnessed  the  introduction  into  the  fertilizer 
market  of  a  number  of  aqueous  solutions  of  ammonia  and  of  mixtures  of 
ammonia  with  ammonium  nitrate  and/or  urea  and  other  soluble  nitrog¬ 
enous  salts.  At  the  present  time  these  solutions  are  being  supplied  to  the 
American  manufacturers  of  mixed  goods  by  E.  I.  DuPont  de  Nemours  &  . 
Company,  the  Barrett  Division,  Allied  Chemical  and  Dye  Corporation,  the 
Hydrocarbon  Products  Company,  the  Matheson  Alkali  Company,  T.V.A., 
and  Spencer  Chemical  Company,  and  perhaps  others.  The  nitrogen  in 
these  solutions  has  been  derived  either  from  the  air  by  the  employment 
of  the  direct  synthetic  ammonia  process,  or  from  by-product  sources. 
They  represent,  therefore,  the  cheapest  source  of  nitrogen  available. 

Although  the  adoption,  during  the  last  15  years,  of  the  ammonia  solu¬ 
tions  as  sources  of  fertilizer  nitrogen  has  been  of  almost  startling  propor¬ 
tions  it  is  now  admitted  that  these  sources  of  nitrogen  will  probably 
continue  to  be  of  increasing  importance  in  the  trade  for  some  years  to 
come.  It  must  be  admitted,  however,  that  there  are  mote  ^nations  to 
'  the  use  of  solutions  than  is  the  case  with  many  solid  nitrogenous  fertiii 

materials. 

Ammoniation  of  Superphosphate 

The  importance  of  ammonia  solutions  as  a  source  of  fertilizer  nitrogen 
was  recognized  as  soon  as  it  was  established  that  ammonia  would  combine 
lith  cemain  of  the  superphosphates  to  form  stable  compounds  that  could 

Whebn  aqul'or  anhydrous  ammonia  is  mixed  with  ordinary  superphos- 
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phate  the  ammonia  will  combine  chemically  with  the  superphosphate  to 
form  a  mixture  of  monoammonium  phosphate,  ammonium  sulfate, 
dicalcium  phosphate,  tricalcium  phosphate,  and  gypsum.  In  other  words, 
the  readily  volatile  ammonia  becomes  fixed  in  a  form  that  will  allow  its 
transfer  to  the  soil  without  loss.  While  the  anhydrous  ammonia  can  be, 
and  has  been,  used  for  this  purpose,  and  is  still  available  on  the  market, 
it  has  been  largely  superseded  in  recent  years  by  more  satisfactory  solutions. 

The  ammoniation  of  superphosphate  was  first  extensively  employed 
in  1928.  At  the  present  time  approximately  35  per  cent  of  the  nitrogen 
consumed  in  mixed  fertilizers,  or  more  than  25  per  cent  of  all  fertilizer 
nitrogen,  is  derived  from  ammonia  solutions.  Some  of  the  most  commonly 
employed  sources  of  fertilizer  nitrogen  used  in  the  year  1941  are  given  in 
the  following  table. 


Table  64 


Approximate  Fertilizer  Nitrogen  Consumed  from  Five  Leading 

Sources  in  1941 


Sources 

Total 

(tons) 

In  Mixed 
Goods 
(tons) 

For  Direct 
Application 
(tons) 

Sodium  nitrate . 

858,000 
531,000 
ioa  nnr» 

r.c\  r\c\r\ 

789,000 

177,000 

7,000 

83,000 

6,000 

Ammonium  sulfate. 

354,000 

186,000 

33,000 

31,000 

Liquors . 

Cyanamid .... 

1 1  r.  non 

Uramon,  urea,  calurea,  etc.  .  ‘ 

37,000 

Advantages  Accruing  from  the  Use  of  Ammonia  Solutions 

There  are  at  least  six  reasons  why  the  employment  of  ammonia  solu¬ 
tions  as  sources  of  fertilizer  nitrogen  is  of  such  outstanding  economic 
importance,  (l)  Ammonia  solutions  are  the  cheapest  and  the  most  con¬ 
centrated  form  of  nitrogen  that  is  available  to  the  fertilizer  industry.  This 
is  i  ustrated  in  Table  65.  (2)  The  use  of  ammonia  solutions  eliminates  the 
need  for  large  quantities  of  acids,  such  as  sulfuric  acid,  that  would  be 
.  necessary  if  the  ammonia  were  converted  to  ammonium  sulfate  (3)  The 
ammoniation  greatly  improves  the  mechanical  characteristics  and  the 
curing  and  storing  qualities  of  mixed  fertilizers  containing  superphosphate 

I  “si'/”  rid"’  ?  *'  S 

rotting  o  bags  4)  The  C,°ndm°nerS’  “d  to  a  minimum  the 

g  bags.  (4)  The  resultant  potential  acidity  of  fertilizers  for  the 
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nitrogen  supplied  in  solutions  is  only  one-third  that  of  ammonium  sulfate 
which  the  solutions  largely  displace.  This  reduces  the  amount  of  alkaline 
materials  necessary  to  make  neutral  or  basic  fertilizers,  and  permits  formu¬ 
lation  of  higher  grades  or  the  addition  of  more  dolomite  to  supply  cal¬ 
cium  and  magnesium.  (5)  The  time  required  to  cure  superphosphate  can 
be  reduced  by  using  an  excess  of  sulfuric  acid  in  the  making  of  superphos¬ 
phate,  since  the  excess  acid  is  subsequently  neutralized  by  the  ammonia. 
(6)  It  facilitates  the  preparation  of  high-analysis  mixtures. 


Table  65 


Wholesale  Prices  of  a  Unit  (20  Lbs.)  of  Nitrogen  in 
Fertilizer  Materials  in  Stated  Years 


Year 

Sodium 

Nitrate 

Ammonium 

Sulfate 

Anhydrous 

Ammonia 

Cyanamide 

— 

1885  1 

$2 

75 

$3. 

03 

1890 

2 

33 

3. 

18 

1895 

2 

36 

2 

75 

1900 

2 

37 

2 

79 

1905 

2 

97 

3 

01 

$3.43 

1910 

2 

76 

2 

64 

1915 

3 

04 

3 

09 

■ 

2.54 

1920 

4 

44 

4 

08 

3.40 

1925 

3 

.28 

2 

65 

2.20 

1930 

2 

.49 

1 

79 

$1 

40 

1.65 

1931 

2 

.36 

1 

.34 

1 

36 

1.38 

1932 

1 

.86 

1 

.02 

1 

34 

1 .08 

1933 

1 

.53 

1 

.12 

1 

15 

1.13 

1934 

1 

.54 

1 

.18 

1 

09 

1.20 

1935 

1 

.47 

1 

.13 

1 

.09 

1 .20 

1936 

1 

.55 

1 

.17  ■ 

1 

.09 

1 .21 

1937 

1 

.64 

1 

.32 

1 

.09 

1.26 

1938 

1 

.68 

1 

.36 

1 

.09 

1.29 

Composition  of  Ammonia  Solutions  Now  Available 

Six  types  of  ammonia  solutions  are  available  on  the  market  These 
are  anhydrous  ammonia,  aqua  ammonta  (commonly  known  as  B- 
.  ouor  )  ammonia  solution  in  which  ammonium  nttrate  has  been  d.  - 


added. 

The  use  of  anhydrous 


ammonia  has  not  proved  popular,  probably 
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because  of  the  necessary  precautions  that  must  be  taken  in  handling  liquids 
of  high  vapor  pressure.  The  most  popular  solutions  are  the  ammonia 
solutions  containing  ammonium  nitrate  and  urea.  The  former  solutions  are 
sold  under  the  trade  name  of  Nitrogen  Solutions,  and  the  latter  under  the 
trade  name  Urea-Ammonia  Liquor.  At  present,  over  80  per  cent  of  the 
fertilizer  plants  manufacturing  5,000  tons  or  more  of  fertilizer  annually 
employ  ammonia  liquors. 

In  Table  66  is  given  the  composition  of  nine  of  the  solutions  now 
found  on  the  American  market. 

The  solutions  which  carry  ammonia  and  nitrate  nitrogen  are  popular 
with  one  section  of  the  trade,  while  the  solutions  which  carry  urea 
and  ammonia  are  popular  with  another.  The  urea-ammonia  solution 
known  as  UAL-37  is  unique  in  that  its  manufacturers  attempted  to 
meet  a  demand  of  the  trade  for  a  water-insoluble  source  of  nitrogen, 
and  succeeded.  When  this  solution  is  used  for  the  ammoniation  of  super¬ 
phosphate  some  water-insoluble  nitrogen  compounds  of  the  urea-form- 
aldehyde  class  are  produced.  Although  this  solution  will  prove  to  be 
popular  among  certain  sections  of  the  trade,  the  necessity  or  value  of  this 
form  of  nitrogen  may  be  questioned  by  agronomists  as,  indeed,  may  be 
that  of  other  forms  of  insoluble  nitrogen. 


plan^HopeweU1:  ^  ammo„,a 

Dye  Corporation.)  (  "eSy'  The  Barrett  D|VIS'°".  Allied.Chemical  and 
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Table  66 

Percentage  Composition  of  Some  Ammonia  Solutions 
Now  on  the  American  Market 


B-Liquor 

Urea-ammonia 

Liquor 

Nitrogen 

Solutions 

A 

B 

C 

D 

37 

II A 

III 

IV 

Urea  nitrogen . 

15.1 

20.2 

12.3 

16.4 

9.1 

Insoluble  nitrogen .  . 

7.4 

Nitrate  nitrogen . 

11.4 

9.7 

11.7 

Ammonia  nitrogen 

24.7 

30.4 

25  3 

24.7 

20.6 

20.6 

29.2 

31.1 

25.3 

Total  nitrogen . 

24.7 

45.5 

45.5 

37.0 

37.0 

37  1 

40.6 

40.8 

37.0 

The  urea  in  the  ammonia  liquors  A,  B,  C,  and  D  does  not  enter  into  the 
reactions  but  is  precipitated  as  very  fine  crystals  intimately  mixed  with  the 

ammoniated  goods. 


How  Ammonia  Solutions  Are  Shipped 

Ammonia  solutions  for  use  in  the  ammoniation  of  superphosphate 
are  shipped  from  the  synthetic  plants  in  steel  tank  cars  that  hold  about 
90  000  pounds  of  solution.  When  the  loaded  cats  reach  the  fertilizer  plant 
the  solution  may  be  used  directly  from  the  cat  or  it  may  be  unloaded  into 
stationary  tanks  for  temporary  storage.  It  is  generally  used  direct  y  torn 
the  car.  This  is  illustrated  in  Fig.  69- 


Chemical  Changes  Involved  in  the  Ammoniation  of 
Superphosphate 

in  the  ammoniation  of  superphosphate  the  common  practice  is  to 

follows: 
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H3PO4  +  NH3  =  NH4H2PO4  (!) 

2CaH4(P04)2-H20  +  NH3 

=  2NH4H2PO4  -)-  Ca2H2(P04)2  T-  H20  (2) 

NH4H2PO4  +  NH3  =  (NH4)2HP04  (3) 

2Ca2H2(P04)2  +  2CaS04  +  4NH3 

=  2Ca3(P04)2  2(NH4)2S04  (4) 


As  shown  in  the  above  equations,  when  ordinary  superphosphate  is 
treated  with  ammonia  a  portion  of  the  monocalcium  phosphate  and  the 
small  amount  of  free  phosporic  acid  which  is  usually  present  are 
converted  into  monoammonium  phosphate.  Another  portion  of  the 
monocalcium  phosphate  is  converted  into  di calcium  and  tricalcium 
phosphates.  The  amount  of  tricalcium  phosphate  produced  increases 
rapidly  with  the  amount  of  ammonia  added  above  about  2.5  per  cent.  This 
has  been  shown  by  the  work  of  Kennen  (1930)  and  others.  Four  per  cent 
ammonia,  or  40  pounds  of  the  ammonia  per  1000  pounds  of  superphos¬ 
phate,  is  generally  considered  the  maximum  practical  absorption  for 
ordinary  superphosphate.  If  precautions  are  taken  to  introduce  the  correct 
quantities  of  ammonia  into  the  superphosphate,  reaction  (4),  as  shown 
above,  will  not  take  place,  and  the  formation  of  the  less  soluble  tiical- 
cium  phosphate  will  be  prevented.  The  introduction  of  correct  quantities 
of  ammonia  to  give  the  above  results  is  called  minimum  ammoniation.  The 
introduction  of  a  quantity  of  ammonia  which  is  less  than  that  necessary 
for  minimum  ammoniation  is  called  under  ammoniation.  Under  ammonia¬ 
tion  may  be  objectionable  in  that  if  the  ammoniated  superphosphate  is 
later  mixed  with  ammonium  sulphate  caking  in  bags  may  arise,  as  is 
explained  on  p.  56. 

Ordinary  superphosphate  absorbs  only  up  to  about  6  per  cent  of 
ammonia,  although  a  slurry  of  superphosphate  may  absorb  8  or  9  per  cent. 
Of  course,  as  shown  in  the  above  equations,  in  completely  ammoniated 
superphosphate  a  very  large  part  of  the  phosphoric  acid  has  been  converted 
to  the  less  soluble  tricalcium  phosphate,  and  practically  all  of  the  ammonia 
is  in  the  form  of  ammonium  sulfate.  The  quantity  of  ammonia  that  can  be 
added  without  serious  formation  of  citrate-insoluble  phosphate  amounts 
to  about  3  per  cent  with  ordinary  superphosphate  and  9  per  cent  with 
double  superphosphate.  The  composition  of  some  ammoniated  super- 
phosphates,  as  determined  by  Parker  (1931),  are  given  in  the  following 


In  the  ammoniation  of  superphosphates  it  has  been  found  that  hi 
temperatures  and  the  presence  of  moisture  encourage  revers.on  of  ph, 
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Table  67 


Composition  of  Ammoniated  Superphosphate 


Compound 

Percentage  Composition  with  Per  Cent  Ammonia 
Added  as  Indicated 

0.0 

1.0 

2.0 

3.0 

4.0 

5.0 

6.0 

CaH4(P04)2 . 

25.0 

14.3 

3.5 

0.0 

0.0 

0.0 

0.0 

Ca  H2(PC>4)2 . 

4.5 

9.5 

12  0 

11  2 

5.0 

0.0 

0.0 

Ca3(P04)2 . 

0.0 

0.0 

0  0 

8.2 

17.5 

25.7 

30.6 

NH4H2PO4 . 

0.0 

8.9 

14.3 

15.5 

12.5 

9.1 

6.0 

(NH4)2S04.  . . . . 

0.0 

0.0 

0.0 

2.7 

8.5 

14.3 

20.0 

CaS04.2H20  . 

62.0 

62.0 

62.0 

58.3 

51.0 

42.0 

32.0 

Inerts .  • 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

Totals . 

94.5 

97.7 

94.8 

98.9 

97.5 

94.1 

91.6 

phorus,  and  in  many  plants  the  heat  developed  in  the  ammoniation  proc¬ 
ess  has  been  a  source  of  trouble  and  a  limiting  factor  in  the  use  of 
ammonia  solutions.  A  rotary  cooler  has  been  developed  which  has  proved 
successful  in  the  dissipation  of  heat,  and  its  use  has  resulted  in  speeding 
up  fertilizer  manufacture  and  the  curing  process  in  some  plants.  Other 
factors  which  may  hasten  reversion,  and  which  must  be  considered  if 
successful  ammoniation  is  to  be  secured,  are  the  degree  of  ammoniation, 
the  presence  of  limestone,  alkaline  materials,  gypsum,  fluorides,  urea, 
free  moisture,  and  above  all,  storage  at  temperatures  above  130°  F. 

Triple  superphosphate  and  fused  phosphates  also  may  be  ammoniated 
satisfactorily.  The  chemical  reactions  involved  are  about  the  same  as  those 
shown  in  the  reaction  of  ammonia  and  ordinary  superphosphate  but, 
in  the  absence  of  calcium  sulfate  the  dicalcium  phosphate  may  be  re¬ 
verted  to  the  tricalcium  phosphate/probably  about  as  follows. 

3Ca2H2(P04)2  +  2NH3  =  2Ca3(P04)2  +  2(NH4)2HP04 


If  calcium  fluoride  is  absent  the  later  reversion  to  calcium  fluorapatite  is 
prevented. 

Availability  of  Reverted  Tricalcium  Phosphate 

As  has  been  explained  above,  the  tricalcium  phosphate  formed  when 

superphosphate  is  ^own  Aar  this  precip, rated 

chemical  and  x-ray  inves  g  lex  chlor.  and  Hunt-calcium 

£2£d  in  phosphate  rode.  In  recent  years  it  has  been 


Water-insoluble  Nitrogen  Derived  from  Urea-ammonia  Liquor -57 
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Fig.  69.  Illustrating  how  tank  car  of  ammonia  solution  may  he  connected  with 

fertilizer  mixer  at  fertilizer  plant. 

abundantly  shown  that  the  phosphoric  acid  of  precipitated  tricalcium 
phosphate  is  available  to  crops  but  not  to  the  extent  of  that  in  the  mono¬ 
calcium  or  dicalcium  forms.  The  phosphate  availability  of  reverted 
tricalcium  phosphate  appears  to  be  about  equal  to  that  in  bonemeal  and 
basic  slag. 

Because  at  least  a  portion  of  the  reverted  tricalcium  phosphate  has  been 
shown  to  be  available  to  plants,  the  American  Association  of  Official 
Agricultural  Chemists  in  1932  adopted  certain  modifications  to  the  official 
method  for  the  determination  of  citrate-insoluble  phosphoric  acid.  These 
modifications  now  allow  the  fertilizer  manufacturers  to  use  larger  quan¬ 
tities  of  ammonia  in  their  fertilizer  mixtures  before  sustaining  a  serious 
loss  of  available  phosphoric  acid.  The  number  of  manufacturers  taking 
advantage  of  this  cheap  form  of  nitrogen  is  increasing.  Williamson  (1935) 
found  the  relative  increases  in  cotton  yields  due  to  four  phosphate  carriers 
to  be  as  follows:  superphosphate  100;  ammoniated  superphosphate 

(2%  N)  100;  ammoniated  superphosphate  (4%  N)  90;  and  precipitated 
rricalcium  phosphate  85. 


Availability  of  the  Water-insoluble  Nitrogen  Derived 
from  Urea-ammonia  Liquor-37 

Vegetative  and  nitrification  experiments  conducted  by  McCool  (1941), 
at  the  Boyce  Thompson  Institute  of  Plant  Research,  has  shown  that  the 
insoluble  nitrogen  derived  from  UAL-37  is  a  good  source  of  nitrogen  for 
growing  crops.  The  tests  showed  that  the  availability  of  the  nitrogen  does 
not  change  in  storage,  and  that  its  availability  compared  favorably  with 
many  insoluble  mt.ogen  materials  used  in  the  manufacture  of  fertilizers 
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Production,  Manufacture,  and  Use  of  the 

Potash  Fertilizers 


Potassium  is  widely  distributed  in  nature.  It  occurs  in  rocks,  soils,  and 
in  the  saline  residues  of  salt  lakes,  as  well  as  in  the  water  of  oceans,  lakes, 
and  rivers,  and  in  the  tissues  of  plants  and  animals.  It  has  been  estimated 
by  Clarke  (1924)  that  the  crust  of  the  earth  will  average  about  2.58  per 
cent  of  potash. 

Early  Potash  Industry  of  the  United  States 

The  production  of  potash  from  wood  ashes  was  begun  in  the  United 
States  as  early  as  1608  at  Jamestown,  Virginia.  In  fact,  one  of  the  incentives 
of  Great  Britain  for  establishing  colonies  along  the  Atlantic  Seaboard  was 
the  acquisition  of  a  source  of  potash  supply  from  wood  ashes  to  meet  the 

growing  industrial  needs  of  England. 

The  potash  first  made  was  a  crude  product  largely  compounded  of  a 
mixture  of  potassium  carbonates,  chlorides,  and  sulfates,  together  with 
lime,  magnesia,  phosphates,  silica,  and  carbon.  Later,  a  paraally  refined 

product  called  pearl  ash  found  its  way  on  the  market. 

At  one  time  during  the  Revolutionary  War,  Massachusetts  advertised 
a  bounty  of  £100  per  ton  for  potash  manufactured  m  the  American 
colonies.  Also  at  this  time  potash  was  accepted  in  lieu  of  taxes. 

The  first  patent  approved  by  the  United  States  government  was  for  a 
process  for  making  potash  and  pearl  ash.  This  patent  was  signe  y 
dent  George  Washington  on.  April  10,  1790,  and  was  issued  to  Samuel 

H°The  SfiSst^olstom°house  ^records  show  that  in  the  14  months  from 
A  «r  1789  to  October,  1790,  there  were  exported  from  the  nite 

S-  7',050  tons  of 

-—,000,  a  peak  from  which  our 
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Fig.  70.  Pendleton  Farmers’  Society  Hall  in  Pendleton,  South  Carolina — oldest 
farmers’  society  hall  in  the  United  States.  (Courtesy,  Gilbeart  H.  Collings, 
President,  Pendleton  Farmers’  Society.) 

The  minutes  of  the  Pendleton  Farmers’  Society  record  that  it  was  here,  at  a  ban¬ 
quet  held  the  evening  of  October  20,  1843,  that  Thomas  Green  Clemson  offered 
the  following  toast: 

"In  the  absence  of  marl,  permit  me  to  propose  to  the  citizens  of  Pendleton,  a 
more  familiar  acquaintance  with  the  effects  of  the  application  of  those  soils  which 
contain  potash,  soda,  and  magnesia.” 

The  date  of  this  toast  is  significant  in  that  it  was  during  1843  that  the  Rotham- 
sted  Ejcperiment  Station  was  established.  This  was  two  years  prior  to  the  time  that 
Liebig  determined  potash  to  be  an  essential  plant  nutrient  and  many  years  prior 

to  the  time  that  nitrogen  and  magnesium  were  definitely  determined  to  be  essen¬ 
tial  for  plant  growth. 


•j-  f 

HAlt 

rt  15  J 

exports  rapidly  declined  owing  to  an  exhaustion  of  timber  in  our  Atlantic 
States  and  a  change  in  the  market  demands  of  Europe. 

As  pointed  out  by  Browne  (1935),  it  should  not  be  overlooked  that 
rom  an  agricultural  point  of  view  the  manufacture  of  potash  from  wood 
ashes  constituted  one  of  the  greatest  economic  crimes  in  the  history  of 
the  United  States.  The  shipment  of  wood  ashes  for  two  centuries  from  the 
United  States  to  Europe  did  much  to  retard  the  agricultural  development 
o  t  e  eastern  United  States,  and  also  did  much  to  aid  the  development  of 

w3ZwreS  "  1  "me  WhCn  P°taSh  needed  “d  -our ces 


Development  of  the  European  Potash  Industry 

FoUowing  the  discovery  in  1839  of  tremendous  deposits  of  solu 
potash  salts  m  Getmany,  and  the  opening  of  these  deposits  for  expt 
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tion  in  I860,  the  European  potash  industry  developed  rapidly.  From  that 
time  until  the  beginning  of  World  War  II  it  dominated  the  potash  market 
of  the  world  because  it  controlled  the  only  known  large  deposit  of  soluble 
potash  salts,  and  because  these  deposits  were  accessible  to  the  consuming 
markets  of  Europe  and  to  the  cheap  water  freight  rates  to  the  potash¬ 
consuming  markets  of  the  United  States  and  the  rest  of  the  world.  The 
European  potash  industry  had  a  virtual  monopoly  on  all  the  potash 
reaching  the  American  market  until  the  beginning  of  World  War  I  in 
1914,  and  it  was  able  to  dictate  prices  on  the  American  market  for  a  decade 
or  more  following  the  cessation  of  hostilities. 


Development  of  the  Present  Potash  Industry  in  the 
United  States 

During  World  War  I  considerable  progress  was  made  toward  develop¬ 
ing  a  new  American  potash  industry.  The  stimulus  of  high  prices  for 
potash — 50  per  cent  muriate  sold  for  as  much  as  $500.00  a  ton  in  Decem¬ 
ber,  1915 — encouraged  private  capital  to  seek  new  sources  and  $50,000,- 
000  was  invested  in  the  production  of  American  potash.  With  the  close  ot 
the  war  and  the  resumption  of  German  shipments  ot  potash  salts,  most 
of  the  plants  producing  potash  in  the  United  States  were  closed.  The  one 
outstanding  exception  was  the  American  Potash  and  Chemical  Corpora- 
tion  located  at  Trona,  on  Searles  Lake,  near  Los  Angeles,  California.  It  has 
been  estimated  that  450,000,000  was  spent  in  making  wartime  potash,  but 
the  annual  output  never  reached  more  than  54,000  tons  of  potasln 

Between  1921  and  1930  the  United  States  again  became  dependent  on 
foreign  countries  for  its  supplies  of  potash.  Also,  during ;  this  peno 
Donular  interest  in  a  permanent  source  of  potash  declined.  Nevertheless, 
The  Umtea  States  Congress  wisely  appropriated  $500,000  for  exploration  and 
investigation  of  potask  deposits  within  the  United  States  by  the  Bureau  of 

M"At  the  ctosf  of  the  war  in  1918  American  potash  came  from  many 
At  1  ,  i  .L.,190  nlants  With  the  resumption  of  imports 

sources  and  was  units  were  forced  out  of 

in  1919,  74  out  of  77  war  emerge  y[  ,  hes  the  Nebraska 

business  and  by  1939  pro  Ocoon  rom  >  blast  furnace  dust  and 
lakes,  alunite,  cement  dust,  beet  f  ceased  and  there  remained 
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the  critical  years  of  World  War  II  is  a  production  record  that  any  industry 
could  exhibit  with  pride. 


Table  68 

Production  of  Potash  Salts  in  the  United  States 

since  1920 


Year 

Number 
of  Plants 

Potassium  Salts 
{tons) 

Equivalent  a. 
Potash  {tons) 

1921 

20 

25,485 

10,171 

1922 

12 

25,176 

11,714 

1923 

12 

39,029 

20,215 

1924 

12 

43,734 

22,903 

1925 

9 

51,565 

25,448 

1926 

7 

46,324 

23,366 

1927 

9 

76,819 

43,510 

1928 

9 

104,129 

59,910 

1929 

5 

107,820 

61,590 

1930 

5 

105,810 

61,270 

1931 

6 

133,920 

63,880 

1932 

5 

143,120 

61,990 

1933 

4 

333,110 

143,378 

1934 

8 

275,732 

144,342 

1935 

10 

357,974 

192,793 

1936 

7 

431,470 

247,340 

1937 

7 

486,090 

284,497 

1938 

9 

534,945 

316,951 

1939 

6 

546,757 

312,201 

1940 

7 

658,249 

379,679 

1941 

7 

986,458 

524,875 

1942 

7 

1,267,455 

679,206 

1943 

7 

1,428,840 

739,141 

1944 

6 

1,578,498 

834,568 

1945 

7 

1,588,305 

874  243 

The  present,  past,  and  possible  future  sources  of  potash  in  the  United* 
States  are  many  and  varied,  the  principal  ones  being  as  follows:  industrial 
wastes,  kelp,  Searles  Lake,  Nebraska  Lakes,  Salduro  Marsh,  Great  Salt 

a  e  greensand,  Georgia  shales,  alunite,  leucite,  subterranean  deposits 
of  soluble  salts  in  Texas  and  other  states. 

In  Table  69  is  given  the  name,  composition,  and  potash  content  of 

Solh  °St /wLTan'i  P°taSh  mmeraIS  °f  the  Umted  States  «  compiled  by 
Dolbear  (1946)  and  Johnson  (1933).  ^  ^ 

was'esdmldTT  ^  ^  fidd  “  1  source  °f  Potash.  It 

was  estimated  by  Turtentme  m  1926  that  170,000  tons  of  potash  is  vola- 
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Table  69 

Potash  Minerals  of  the  United  States* 


Name 

Composition% 

Equivalent  K20f 
Content 
( per  cent ) 

Chlorides: 

Sylvite  . 

KC1 

63  1 

Carnallite. .  . . 

KCl.MgCl2.6H2O 

t 

MgSO4.KCl.3H3O 

K2(Al(OH)2(6)SO«)4 

17.0 

Chloride-sulfates 

Kainire  . 

18.9 

Sulfates: 

Alnnire  .  ... 

• 

11.4 

Polvhalite . 

T  nnpp>f“inire.  .  .... 

K3s04.Mgs04.2cas04.2H20 

K2S04-2MgS04 

15.5 

22.6 

T  pnnire  . 

K3SO4.MgSO4.4H3O 

25.5 

K3SO4.CaSO4.H3O 

28.8 

TCmfrirp  . 

K3SO4.MgSO4.4CaSO4.2H3O 

10.7 

(K,Na)2S04 

42.5 

K2SO4.MgSO4.6H3O 

23.3 

K2SO4.  Al2  (S04)  j.24H  ^O 

9-9 

KNOj 

46.5 

i’l  111  J  •  TTTtvl . 

Silicates: 

KAl(Si03)2 

21.4 

Feldspars: 

KAlSisOs 

KAlSisOs 

16.8 

Anorthoclase. . 

(Na,K)AlSi308 

2.4-12.0 

Micas: 

Muscovite. . 
Biotite  . . . 
Phlogopite. . 
Lepidolite .  . 
Zinnwaldite. 
Roscoelite 
Glauconite. . . . 

*Carnotite . 

Nephelite . 


HjKAUSiOOs 

(H,K)2(Mg.Fe)2Al2(Si04)3 
(H,K,Mg,F)3Mg3Al(SiC>4)3 
K,Li(Al(0H,F2)Al(Si03)3 
HoK^LuFesAUFsSi  1 1O42 
H8K  (Mg.Fe)  (Al,  V)  4(Si03)  12 
KFeSi20«.nH20 
K3O.2U3O3.V3O5.3H2O 
K2Na6Al8Sig034 


11.8 

6.2-10.1 

7.8-10.3 

10.7-12.3 

10.6 

7.6-10.3 
2.3-  8.5 
10.3-H.2 
.8-  7.1 


•Johnson,  Bcm.nd  L.:  "Po»Sh.~  Economic  P>r«  16.  U  *  Mines. 


tilized  and  escapes  in  the  furnace  gases  of  the  cement  and  blast  furnace 
industries  Sided  »  fhfaborato^iATtotalpotashloss  from  these 


Wood  Ashes 
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wastes  from  many  industries  are  available  and  it  is  believed  that  eventually 
they  will  be  completely  utilized  by  the  fertilizer  industry. 

Beginning  in  1925  with  the  discovery  of  sylvite  in  New  Mexico,  a  new 
mining  industry  was  definitely  established  in  America  and  independence 
from  foreign  sources  of  potash  became  a  reality.  Nevertheless,  at  the  be¬ 
ginning  of  World  War  II,  in  September,  1939,  domestic  producers  had 
just  begun  to  compete  strenuously  with  importers  in  the  American  market 
and  to  venture  into  the  export  trade  in  a  small  way.  Today  80  per  cent  of 
the  potash  production  of  the  United  States  comes  from  the  Carlsbad 
region  in  New  Mexico.  A  great  deal  of  the  remainder  comes  from  the 
natural  brines  of  California  and  Utah.  The  various  American  sources  of 
potash,  as  well  as  some  of  the  principal  world  sources  of  potash,  will  be 
discussed  in  the  following  pages. 

Wood  Ashes 

It  has  been  estimated  that  there  are  about  6,000,000  tons  of  sawdust 
produced  in  this  country  annually.  This  is  sufficient  sawdust,  if  it  were 
properly  burned,  to  manufacture  6,000  tons  of  potassium  carbonate.  Of 
course,  the  hauling  necessary  to  collect  such  scattered  material  would 
make  the  cost  of  the  material  prohibitive. 


raos^!° fems^d0^  Thlf  °Utlined  by,ime  in  Contrast  with  the  periphe 
application  of  wood  ashes  produced  Tv  a  ^  br°Ught  about  from 
A.  R.  Midgley  and  the  (Con, 
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Wood  ashes  may  contain  from  5  ro  25  per  cent  of  potash.  Ashes  re¬ 
sulting  from  the  burning  of  twigs  and  small  branches  are  richer  in  potash 
than  those  secured  from  trunk  wood.  Softwood  ashes  contain  less  potash 
than  hardwood  ashes. 

It  is  of  interest  to  note  here  that  the  term  potash  is  derived  from  the 
term  "pot  ashes."  Pot  ashes  were  formerly  obtained  by  leaching  wood 
ashes  and  evaporating  the  solution  to  dryness.  The  salts  secured  consisted 
of  an  impure  mixture  of  potassium  carbonate  with  other  salts. 

Shine  ash  is  an  ash  made  from  burning  waste  from  flax  grown  in  the 
United  Kingdom.  It  contains  some  potash  and  phosphoric  acid. 

Although  unleached  wood  ashes  contain  about  2  per  cent  of  phos¬ 
phoric  acid,  5  to  25  per  cent  of  potash,  and  30  per  cent  of  lime,  leached 
wood  ashes  contain  only  about  1.5  per  cent  of  phosphoric  acid,  1  per 
cent  of  potash,  and  28  to  30  per  cent  of  lime.  The  potash  found  in  wood 
ashes  is  in  the  form  of  potassium  carbonate.  As  potassium  carbonate  is 
very  alkaline,  wood  ashes  should  not  be  applied  in  such  a  manner  that 
they  come  in  contact  with  germinating  seeds  or  plant  roots. 

The  percentages  of  phosphoric  acid  and  potash  in  the  ashes  of  some 
common  vegetable  wastes,  as  determined  by  Jenkins  (1917),  of  the  Con 
necticut  Experiment  Station,  are  given  in  the  following  table. 

Table  70 

Percentages  of  Phosphoric  Acid  and  of  Potash  Found  in 
the  Ashes  of  Miscellaneous  Vegetable  Waste 


Vegetable  Waste 

Phosphoric  Acid 

Potash 

3.08 

11.74 

Apple  paniigo . 

3-25 

41.76 

2.57 

16.81 

3.14 

17.25 

5.58 

30.64 

iTrapcIiUic  qKihj  .... 

Lemon  skins . 

6.30 

2.90 

31.00 

27.04 

5K1L15 . 

1.23 

6.45 

Potato  peelings . 

5.18 

27.54 

Vegetable  or  plant  ashes  derived  >om  kelp,  tobacco,  seabltght  apd 
glassworr  is  available  on  the  European  market. 


Tobacco  Stems 

In  the  manufacture  of  cigarette,  tteribs  of 

results  considerable  waste,  consisting  g  Y 
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Source  of  Flue  Dust 

the  tobacco  leaves.  This  waste  material  is  sometimes  ground  and  sold  as 
fertilizer.  The  product  contains  4  to  10  per  cent  of  potash  and  2  to  3  per 
cent  of  nitrogen  but  very  little  phosphoric  acid.  The  nitrogen  is  present 
both  in  the  organic  and  nitrate  forms. 

Potash  Derived  from  Wool  Waste 

Before  raw  wool  can  be  used  by  the  spinner  it  must  be  treated  for  the 
removal  of  a  material  called  "suint.”  Suint  is  the  dried  sweat  of  sheep  and 
to  a  large  extent  consists  of  potash  salts.  As  crude  wool  contains  about 
1.5  to  5.0  per  cent  of  potash  by  weight,  this  source  of  supply  of  potash  is 
of  some  economic  importance,  considering  the  amounts  of  wool  produced 
and  imported  into  this  country  annually. 


Source  of  Flue  Dust 

Flue  Dust  was  introduced  on  the  market  as  a  source  of  potash  during 
World  War  I.  It  is  a  by-product  of  iron  smelting  and  Portland  cement 
manufacture.  In  the  smelting  of  iron,  iron  ore,  together  with  coal,  coke, 
and  limestone — all  of  which  carry  varying,  although  small,  amounts  of 
potash  are  put  into  a  blast  furnace.  When  ignited,  the  tremendous  heat 
produced  volatilizes  part  of  the  potash  compounds.  The  gases  contain¬ 
ing  the  potash  compounds  are  led  from  the  furnace  to  ovens  where  they 
are  burned.  The  potash  compounds  are  deposited  in  the  dust  which  settles 
in  the  flues  through  which  the  gas  passes.  From  time  to  time  this  dust  is 
collected  and  sold  for  fertilizer  purposes.  The  major  portion  of  the  potash 
of  the  furnace  charge,  however,  is  eliminated  in  the  slag.  According  to 


hill  Expaim'em'siadof  \um°00  do  ^ J  °/CO,t°n  at  the  South  Carolina  Sa 
(Courresy,  South  <**»> 
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Turrentine  (1926),  the  addition  of  sodium  chloride  to  the  blast  furnace 
charge  has  been  found  to  increase  the  yield  and  the  water  solubility  of 
the  potash.  Flue  dust  from  this  source  has  been  put  on  the  European 
market  in  a  number  of  grades  ranging  from  3  to  13  per  cent  of  potash. 
The  potash  is  present  largely  in  the  chloride,  sulfate,  and  carbonate  forms. 
No  potash  has  been  recovered  from  this  source  in  recent  years. 

The  minerals  from  which  Portland  cement  is  made  usually  carry  vary¬ 
ing  amounts  of  potash.  In  the  manufacture  of  cement  the  potash  is  vola¬ 
tilized  from  these  minerals  and  escapes  with  the  fumes  and  dust  from  the 
cement  mill.  The  process  of  recovering  the  dust  at  the  cement  plants  was 
first  perfected  at  Riverside,  California,  in  an  attempt  to  stop  the  nuisance 
caused  by  the  escape  of  fumes  and  dust,  and  their  consequent  injury  to 
citrus  groves.  This  source  of  domestic  supply  of  potash  is  very  promising. 
Ross  et  al.  (1917)  analyzed  113  samples  of  the  "raw  mix"  used  in  the  mills 
of  the  United  States  and  Canada,  and  found  that  the  potash  content  of 
raw  mix  varied  from  0.20  to  1.16  per  cent.  The  same  investigators  found 
that  the  percentage  of  potash  volatilized  from  the  raw  mix  in  different 
manufacturing  plants  varied  from  24.5  to  95-9  per  cent,  and  they  esti¬ 
mated  that  in  1917  for  every  barrel  of  cement  produced  in  this  country 
1.93  pounds  of  potash  escaped.  It  has  also  been  estimated  that  at  most 
cement  plants  at  least  90  per  cent  of  this  potash  is  recoverable.  Although 
at  the  present  time  some  flue  dust  from  cement  kilns,  an  impure  sulfate  of 
potash,  is  being  profitably  recovered  by  the  North  American  Cement 
Company  at  its  plant  at  Hagerstown,  Maryland,  many  thousands  of  tons 
are  still  being  lost  from  the  kilns  of  both  the  United  States  and  Canady 
The  potash  in  flue  dust  from  cement  plants  is  recovered  as  a  sulfate 
and  mayPbe  produced  in  high  concentrations.  This  source  of  potash  has 
the  great  advantage  of  being  not  far  removed  from  the  fertilizer  marke  . 
It  ha's  been  estimated  that  about  71  per  cent  of  the  cement  plants  of  this 
country  are  located  in  states  where  the  use  of  commercial  fertilizer  is  al¬ 
ready  established. 

Potash  Derived  from  Sugar  and  Alcohol  Industries 

Potash  salts  are  obtained  as  a  by-product  of  the  distillation  of  cane 

« "j"rsr  “  ,r:t  « 

United  States  Industrial  Chemicals,  1  •>  secured  which  ana- 

oooisios  <h.  polish  is  bu.ooj  sol  *  ^  p 

^sesssA'SS: — *•  --  * 
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sugar-beet  molasses.  It  is  sometimes  sold  as  such,  or  refined  to  yield  an 
ash  containing  about  35  per  cent  of  potash. 

If  all  domestic  waste  sources  of  potash  were  utilized  it  might  be 
possible  to  realize  140,000  tons  of  potash  in  the  United  States  annually. 

Seaweed  as  a  Source  of  Potash 

Seaweed  has  been  referred  to  as  the  "poor  man’s  manure.”  It  contains 
a  high  content  of  potash,  but  this  varies  with  the  variety.  It  is  poor  in 
phosphoric  acid  and  as  rich  in  nitrogen  as  barnyard  manure.  In  its  fresh 
state  seaweed  also  carries  a  very  high  percentage  of  water,  usually  70  to 
80  per  cent.  Some  farmers  who  live  near  the  coast  in  New  Jersey,  Con¬ 
necticut,  and  Rhode  Island  use  the  material  as  a  green  manure,  but  it 
can  be  used  profitably  in  the  fresh  state  only  in  sections  near  the  coast. 
In  some  areas  in  the  tropics  it  has  found  a  wide  use  as  a  fertilizer  for 
bananas. 

During  World  War  I  kelp  and  other  seaweeds  of  our  Pacific  coast 
were  dried  and  either  ground  or  burned,  and  shipped  to  the  eastern 
markets  as  a  potash  fertilizer.  Kelp  occurs  in  great  beds  all  the  way  from 
Magdalena  Bay,  in  Lower  California,  to  the  Shumagin  Islands  off  the 
Alaskan  peninsula.  These  plants  grow  very  rapidly  and  may  often  attain 
a  length  of  100  feet.  The  beds  are  accessible,  as  was  shown  in  1912  by 
surveys  made  by  the  Bureau  of  Soils  of  the  United  States  Department  of 
Agriculture.  The  annual  crop  is  of  sufficient  size  to  supply,  if  necessary, 
a  large  part  of  our  annual  consumption  of  potash.  Not  only  does  sea¬ 
weed  yield  potash,  but  it  may  also  yield  iodine,  ammonia,  carbon,  acetone, 
and  tar.  These  by-products  are  valuable  and  aid  in  reducing  the  cost  of 
producing  the  potash.  Kelp  as  a  possible  source  of  iodine  alone  is  prob¬ 
ably  of  as  much  economic  importance  as  it  is  as  a  source  of  potash,  for 
at  the  present  time  we  are  dependent  upon  foreign  sources  for  iodine. 
During  World  War  I  kelp  was  harvested  by  marine  harvesters,  dried  in 
direct-heat  rotary  kilns,  and  burned  to  an  ash.  The  ash  contained  about 
30  per  cent  of  potash. 


Potash  Derived  from  Sea  Water 

Sea  water  contains  an  inexhaustable  amount  of  potash.  A  cubic  mile 
of  sea  water  may  contain  over  2,000,000  tons  of  potash.  Its  recovery 
has  been  investigated  and  progress  in  the  profitable  extraction  of  this 
potash  can  be  expected.  Certarnly  sea  water  offers  an  unlimited  supply 
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Potash  Deposits  of  Searles  Lake 

Potash  salts  were  discovered  in  the  brine  of  Searles  Lake  in  1911,  and 
during  that  year  the  American  Trona  Corporation,  now  the  American 
Potash  and  Chemical  Corporation,  erected  the  first  plant  for  the  extrac¬ 
tion  of  potash.  Commercial  production  was  started  in  1915.  This  com¬ 
pany  was  originally  a  British  corporation.  Its  successor  in  1926,  the  Ameri¬ 
can  Potash  and  Chemical  Corporation,  is  now  the  second  largest  single 
potash  producer  in  America.  Searles  Lake  is  located  in  San  Bernardino 
County,  California.  It  occupies  the  floor  of  a  valley  that  is  1618  feet  above 
sea  level  and  is  largely  surrounded  by  hills..  It  is  a  body  of  mud  and 
crystalline  salt  of  about  12  square  miles  in  area  and  averages  about  ,70 
feet  in  depth.  The  brine  has  a  concentration  of  about  34  per  cent  and 
contains  about  2.5  per  cent  of  potash  or  a  total  of  20  million  tons  of 
potash  in  the  deposit.  The  brine  also  contains  about  65  per  cent  of  water, 

1.5  per  cent  of  anhydrous  borax,  37.2  per  cent  of  sodium  sulfate,  and 

16.5  per  cent  of  sodium  chloride.  From  this  brine,  potassium  chloride 
from  95  to  98  per  cent  purity  is  recovered.  The  muriate  of  potash  is  pro¬ 
duced  at  such  a  cost  thar  it  has  been  able  to  compete  with  foreign  potashes 
in  the  American  market.  It  analyses  62  per  cent  potash.  Not  only  is  high- 
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Fig.  74.  The  porous,  crystalline  salt  surface  of  Searles  Lake  in  California  is  hard 
enough  to  support  easily  the  weight  of  an  automobile  or  tractor.  (Courtesy, 
American  Potash  and  Chemical  Corporation.) 


analysis  muriate  produced  but  some  potassium  sulfate  is  now  manu¬ 
factured  by  base  exchange  with  sodium  sulfate.  In  addition,  phase-rule 
studies  have  led  to  the  production  of  such  by-products  as  borax,  soda 
ash,  salt  cake,  sodium-lithium  phosphate,  boric  acid,  sodium  sulfate, 
potassium  bromide,  crude  lithium  salt,  and  bromine.  In  1918  the  product 
manufactured  by  this  company  contained  about  15  per  cent  of  borax. 
Since  that  time  methods  have  been  devised  whereby  much  of  the  borax 
of  the  crude  brine  may  be  removed,  so  that  the  muriate  of  potash  from 

this  source  now  put  on  the  market  has  a  borax  content  of  only  about 
0.5  per  cent. 

From  1921  to  1932  natural  brines  were  the  major  source  of  potash  in 
the  United  States  but  they  now  produce  only  about  one-third  of  the 
domestic  production,  although  additional  potash-bearing  areas  at  Searles 
Lake  have  recently  been  opened  to  further  exploitation. 


Potash  Derived  from  Brines  of  Nebraska  Lakes 

In  the  western  part  of  Nebraska  there  are  a  number  of  small  shallow 
lakes  that  contain  varytng  concentrations  of  sodium  and  potassium  salts 
The  potash  is  present  matnly  as  potassium  carbonate.  The  source  of  the 
potassium  has  not  been  explained.  During  World  War  I  many  plants 
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were  erected  for  the  purpose  of  extracting  the  potash  salts  from  these 
brines  by  evaporation  and  during  this  period  the  brines  furnished  most 
of  the  potash  of  American  origin.  The  crude  salt  was  ground  and  shipped 
to  market  without  further  treatment.  At  the  close  of  the  war  these  plants 
were  forced  to  shut  down  as  they  were  unable  to  compete  with  foreign 
potash.  The  quantity  of  potash  available  from  this  source  has  been  esti¬ 
mated  by  Gale  and  Hicks  (1920)  to  be  20  million  tons  of  potash. 

Potash  Derived  from  the  Great  Salt  Lake  Desert 

The  desert  west  and  southwest  of  the  Great  Salt  Lake,  Utah,  contains 
2  exposed  salt  bodies  and  these  are  underlaid  with  brines.  These  salts 
and  brines  consist  largely  of  magnesium,  potassium,  and  sodium  chlo¬ 
rides.  The  larger  salt  body  near  Salduro  has  for  some  time  been  a  source 
of  common  salt.  During  World  War  I  potash  was  recovered  from  the 
associated  brines,  and  in  1920  the  Utah  Salduro  Company  of  Salduro, 
Utah,  was  the  largest  individual  producer  of  potash  in  the  United  States. 
Production  in  this  territory  was  discontinued  for  some  years  beginning 
with  1921.  A  small  amount  of  high-grade  muriate  has  been  produced 


Fig.  75 


.  Loading  low-grade  potash  salts  from 
Utah.  (Courtesy,  American 


evaporating  pond,  Salduro  Marsh, 
Potash  Institute.) 
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recently  from  this  source  by  the  Bounerville  Limited  through  solar  evap-^ 
oration  of  the  brines  and  the  separation  of  sodium  and  potassium  chlorides 
by  flotation. 

The  area  is  covered  with  a  deposit  of  salt  to  a  maximum  depth  of 
four  feet.  The  clay  beneath  the  salt  is  nearly  saturated  with  sodium  chloride 
and  1.5  to  3.0  per  cent  of  potassium  chloride.  Briefly,  the  method  of 
recovery  is  to  dig  ditches  about  10  feet  deep,  3  feet  wide  and  several  miles 
long  through  the  salt  flats  and  extending  laterally  from  a  central  point  at 
which  a  pump  is  located.  As  the  ditches  fill  with  brine  by  seepage,  they  are 
emptied  by  pumping  the  brine  into  shallow  evaporating  ponds  held  by 
dikes  of  salt  where  evaporation  takes  place  during  the  summer  months.  As 
evaporation  takes  place,  the  brine  is  conducted  from  pond  to  pond  until 
both  the  sodium  chloride  and  potassium  chloride  are  precipitated,  yielding 
a  product  containing  30  per  cent  potassium  chloride.  The  salt  mixture  is 
then  pulped,  subjected  to  the  flotation  process  for  the  separation  of  the 
two  salts  and  dried  in  a  rotary  kiln. 

It  has  been  estimated  that  the  recoverable  potash  in  this  deposit  may 
amount  to  1,000,000  tons. 

Nolan  (1928)  has  analyzed  199  samples  of  the  brine  and  found  them 
to  average  about  0.3  per  cent  of  potash. 

Potash  Derived  from  Porphyry  Copper  Mine  Tailings 

Extensive  mining  of  the  porphyry  copper  deposit  in  Utah  and  other 
mining  states  has  produced  immense  quantities  of  finely  ground  tail¬ 
ings  analyzing  5  to  10  per  cent  of  potash.  Laboratory  tests  have  shown 
that  this  potash  can  be  extracted  and  put  on  the  market  as  90  per  cent 
muriate  of  potash. 


Potash  Minerals  of  the  Nature  of  Silicates 

Immense  deposits  of  insoluble  potash  minerals  occur  in  many  states. 
Among  the  more  important  of  these  deposits  are:  (l)  the  greensands  of 
New  Jersey,  Delaware,  and  Maryland,  as  well  as  other  Atlantic  and  Gulf 
States;  (2)  the  potash  shales  of  Georgia,  Ohio,  and  Minnesota;  (3)  the 
deposits  of  alunite  in  Utah;  and  (4)  the  deposits  of  leucite  in  Wyoming. 

Many  investigators,  as  well  as  the  Mineral  Experiment  Station  of  the 
United  States  Bureau  of  Mines,  are  now  experimenting  with  methods  for 

DatemT'T  ^  T  P°taSh  fr°m  the  P°^h-bearing  silicates.  Many 
patents  have  been  taken  out  with  this  object  in  view.  Some  of  these  con- 

themselves  with  processes  which  depend  upon  the  volatilization  of 
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the  potash  by  heating  the  silicates  to  high  temperatures,  while  others 
deal  with  methods  which  depend  upon  leaching  the  silicates  with  acids 
and  alkalies. 


Potash  from  Greensand 


Greensands  occur  in  our  eastern  states,  notably  in  the  states  of  New 
Jersey,  Delaware,  Maryland,  Virginia,  and  North  Carolina.  Greensand  is 
found  in  New  Jersey  alone  in  quantities  sufficient  to  supply  the  potash 
needs  of  the  United  States  for  hundreds  of  years.  Much  of  this  material 
can  be  extracted  from  open  pits  or  mined  with  the  steam  shovel.  The 
deposits  range  in  thickness  from  a  few  feet  to  30  feet,  and  carry  about  6 
per  cent  ol  potash.  Ashely  (1918)  has  estimated  that  a  20-foot  bed  that 
covers  a  square  mile  should  yield  1,500,000  tons  of  potash.  The  nearness 
of  this  huge  tonnage  to  the  principal  consuming  areas  makes  greensand 
one  of  the  largest  potential  sources  of  potash  in  the  United  States.  The 
mineral  is  supposed  to  be  a  product  of  the  alteration  of  biotite  in  the 
presence  of  sea  water.  It  is  classified  as  glauconite  (KTeShOg-nlUO) 
and  is  specifically  a  hydrated  silicate  of  iron  and  potassium.  Deposits 
are  known  to  exist  on  the  sea  bottom  at  depths  ranging  from  300  feet  to 

2  miles. 

The  profitable  production  of  soluble  potash  from  greensand  depends 
upon  the  manufacture  of  by-products.  With  this  end  in  view  processes 
have  already  been  evolved.  The  Moxham  process  appears  to  be  the  most 


Fig.  76.  Loading  potash  ore  into 


mine  cars  with  scraper 
Potash  Co.) 


loader. 


(Courtesy,  U.S. 
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promising.  As  reported  by  Turrentine  et  al.  (1925),  this  process  requires 
that  the  greensand  be  mixed  with  hot,  dilute  sulfuric  acid.  Reaction  of 
the  materials  starts  at  85°  to  90°  C.  and  this  temperature  is  secured  merely 
by  the  dilution  of  the  acid  with  water  and  the  heat  of  the  reaction  of  the 
acid  on  the  greensand.  The  reaction  is  complete  within  6  hours.  The  re¬ 
sulting  materials  are  alum,  aluminum  sulfate,  alumina,  iron  oxide,  ochers, 
potassium  sulfate,  glaucosil,  and  fuming,  or  other  sulfuric  acids.  The 
potash  from  greensand  is  extracted  as  the  sulfate.  This  is  fortunate  in 
that  potassium  sulfate  receives  a  preferential  price  in  the  American  market. 

It  would  appear,  however,  that  commercial  exploitation  of  these 
deposits  may  require  the  utilization  of  large  tonnages  of  waste  material 
in  the  manufacture  of  Portland  cement,  sand-lime  brick,  activated  silica, 
and  other  by-products. 

Formerly  greensand  was  commonly  used  in  the  neighborhood  of  its 
occurrence  as  a  low-grade  potash  and  phosphoric  acid  fertilizer.  With  the 
advent  of  commercial  fertilizers  its  use  in  this  way  gradually  declined. 
Greensand  contains  about  1  per  cent  of  phosphoric  acid.  It  is  sometimes 
referred  to  locally  as  greensand  marl.  It  contains,  as  stated  elsewhere, 
about  6  per  cent  of  potash,  but  in  some  cases  it  may  also  carry  a  small 
amount  of  phosphoric  acid. 

When  greensand  is  applied  to  the  soil  it  becomes  available  very 
slowly.  Although  its  action  on  plant  growth  is  not  immediately  apparent, 
a  slight  influence  in  this  direction  appears  a  few  years  after  application 
and  may  be  noted  for  some  years  following.  Skeen  (1925)  has  secured 
results  which  indicate  that  after  the  addition  of  from  5  to  15  tons  of 
greensand  per  acre  the  average  soil  which  is  deficient  in  potash  should 
show  an  increase  in  crop  growth.  Rudolfs  (1922)  has  shown  that  a  small 
amount  of  potassium  is  liberated  from  greensand  when  the  greensand 
is  composted  with  sulfur. 


Potash  from  Georgia  Shales 

The  Georgia  shales,  sometimes  called  Cartersville  slate,  occur  in  de¬ 
posits  extending  for  about  9  miles  in  a  northeasterly  direction  from 
Cartersville,  Georgia.  The  potash  shales  extend  to  an  unknown  depth 
and  occur  in  beds  a  thousand  or  more  feet  wide.  The  composition  of 
these  shales  as  reported  by  Maynard  (1918),  are  given  in  Table  71. 

hese  shales  are  hydrous  silicates  and  are  much  more  easily  decom- 
posed  than  the  anhydrous  silicates.  This  source  of  potash  has  been  some- 
neglected,  but  the  deposits  promise  successful  exploitation  A 
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Fig.  77.  Cotton  rust  or  symptoms  of  potash  deficiency.  (Left)  Two  cotton 
leaves  showing  symptoms  of  potash  deficiency.  (Right)  Normal  cotton  leaf. 
(Courtesy,  South  Carolina  Agricultural  Experiment  Station.) 

great  amount  of  research  relative  to  methods  for  the  extraction  of  the 
potash  remains  to  be  done.  The  deposits  have  been  estimated  to  con¬ 
tain  250,000,000  tons  of  potash. 

Value  of  the  Potassium  Feldspars  as  Sources  of  Potash 

Many  investigators  have  studied  the  value  of  such  crude  feldspars  as 
leucite,  alunite,  phenolite  and  nephelite  as  potash  fertilizers.  These  min¬ 
erals  have  a  value  as  fertilizers  if  they  are  finely  ground,  but  their  avail¬ 
ability  is  very  low.  It  should  be  kept  in  mind  that  when  fertilizers  are 

Table  71 


Chemical  Composition  of  Georgia 

Shales 

Per  Cent 

8.79 

rotasn  . 

57.10 

Silica  . 

19.04 

Alumina  lAi2v>»3,l . 

5.37 

Ferric  iron  ire2W3,i . 

1.84 

Ferrous  iron  rre'“'/ . 

1.92 

Magnesium  oxide  iMgw; . 

0.01 

Calcium  oxide  . 

0.91 

Titanium  oxiae  . 

0.53 

Soda  viNa2w; . 

3.52 

0.36 
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rated  on  the  basis  of  chemical  analysis,  insoluble  forms  of  potash,  such 
as  the  feldspars,  are  not  recognized  as  of  value. 

Hartwell  (1919)  has  reported  a  3-year  test  with  a  material  prepared 
by  treating  ground  orthoclase-bearing  rock  with  calcium  chloride  and 
subjecting  it  to  heat.  The  resulting  product  contains  4.3  per  cent  of  water- 
soluble  potash,  5.7  per  cent  of  total  potash,  and  16.0  per  cent  of  calcium 
oxide.  He  found  that  under  soil  nutrient  conditions,  which  were  believed 
to  be  suboptimum  for  potassium  only,  the  rock  potash  fertilizers  were 
slightly  more  efficient  than  high-grade  potassium  chloride  or  sulfate 
when  supplying  the  same  amount  of  water-soluble  potassium.  His  re¬ 
sults  are  given  in  Table  72. 

Table  72 

Yields  of  Potatoes  and  Alfalfa  per  Acre  Obtained  from  the  Use 
of  Rock  Potash  Fertilizer 


Fertilizer  Applied 

Potatoes 
( bu .) 

Alfalfa 

(tons) 

1915 

1917 

1918 

Check . 

86 

122 

130 

233 

262 

285 

2.40 

2.57 

2.76 

Potassium  chloride  or  sulfate.  . 

Rock  potash  fertilizer . 

Bauer  (1921)  has  determined  the  relative  capacities  of  plants  to  feed 
on  feldspar  when  applied  at  the  rate  of  2  tons  to  the  acre,  as  compared 
with  the  growth  produced  when  plants  were  allowed  to  feed  on  potassium 
sulfate.  The  plants  tested  were  buckwheat,  corn,  sweet  clover,  and  oats. 
His  results  are  given  in  Table  73. 


Table  73 

Relative  Capacities  of  Plants  to  Feed  on  Feldspar, 
as  Compared  with  Growth  Produced  When 
the  Plants  Were  Allowed  to  Feed 
on  Potassium  Sulfate 


Plant 


Relative  Growth 


Buckwheat. . 

Corn . 

Sweet  clover. 
Oats . 


23.3 

45.2 

106.5 

107.6 
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Potash  from  Alunite 

The  mineral  alunite  (K2(A1(0H)2(6)S04)4),  which  chemically  is  a 
hydrated  basic  sulfate  of  potassium  and  aluminum,  is  found  extensively 
in  at  least  six  of  our  western  states.  It  is  insoluble  in  water  and  is  usually 
contaminated  with  silica  and  other  impurities.  The  largest  deposits  of 
alunite  are  supposed  to  have  been  formed  by  the  action  of  hot  water 
carrying  sulfuric  acid  on  rocks  containing  potassium-aluminum  silicates. 
The  mineral  occurs  in  many  foreign  countries.  Alunite  has  been  utilized 
in  Italy  for  the  manufacture  of  alum  since  the  thirteenth  centufy. 

The  deposits  of  alunite  near  Marysvale,  Utah,  have  attracted  the  most 
attention  in  the  United  States,  and  give  promise  of  commercial  develop¬ 
ment.  During  World  War  I,  alunite  was  one  of  the  principal  sources  of 
our  potash  production.  The  processes  of  recovery  include  ignition, 
leaching,  filtration,  and  evaporation.  The  obtainable  by-products  include 
alum,  alumina,  potassium  sulfate,  and  sulfuric  acid.  The  profitable  ex¬ 
traction  of  potash,  however,  depends  largely  upon  solving  operating 
difficulties  and  upon  the  production  of  profitable  by-products. 

In  the  following  table  is  given  the  analysis,  according  to  Butler  and 
Gale  (1912),  of  a  selected  specimen  of  the  supposedly  best  material  of  a 
deposit  near  Marysvale,  Utah. 

Table  74 


Chemical  Composition  of  Alunite 


Per  Cent 

10.46 

rotasn  . . 

37.18 

Alumina  (AI2O3) . 

Sulfur  trioxide  (SO3) . 

Phosphorus  pentoxide  (P2O5) . 

38.24 

0.58 

0.35 

boda  viNa2w; . 

.  0.22 

bilica  (01*^2; . 

12.99 

Potash  from  Leucite 

■~SSSS,SSB 
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with  foreign  potash,  could  supply  our  national  needs  for  potash  for 
generations  to  come,  but  its  profitable  extraction  is  dependent  upon  the 
manufacture  of  by-products  since  by-products  would  have  to  be  produced 
and  marketed  to  share  with  potash  the  cost  of  production.  The  composi¬ 
tions  of  minerals  of  the  leucite-bearing  rocks,  as  given  by  Schultz  and 
Cross  (1912),  are  given  in  Table  75- 


Table  75 


Chemical  Compositions  of  Minerals  of  the  Leucite-bearing  Rocks 


Leucite 

Sanidine 

Phlogopite 

Diopside 

Potash  (K2O) . 

21.5 

16.9 

10.70 

0.42 

Silica  (Si02) . 

55.0 

64.7 

42.56 

50.86 

Titanium  oxide  (Ti02) .... 

2.09 

3.03 

Alumina  (AI2O3) . 

23.5 

18.4 

12.18 

Chromic  oxide  (Cr2Os) .... 

0.73 

Ferric  oxide  (Fe2Os) . 

2.73 

1.19 

Ferrous  oxide  (FeO) . 

0.90 

1.82 

Magnesia  (MgO) . 

22.40 

17.42 

Baryta  (BaO) ... 

1.00 

Lime  (CaO) . 

0.20 

23.23 

Soda  (Na20) . 

0.44 

0.76 

Water  (H20) .... 

2.35 

0.31 

Fluorine  (FI) . 

•  • 

2.46 

Other  substances .  . 

0.06 

0.03 

100.0 

100.0 

100.80 

99.16 
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The  Permian  salt  basin  in  the  United  States  extends  from  southwest¬ 
ern  Texas  and  southeastern  New  Mexico  in  a  northeasterly  direction 
through  the  Panhandle  section  of  Texas  and  Oklahoma  into  Colorado 
and  Nebraska.  For  a  long  time  the  general  geological  similarity  of  this 
basm  and  the  potash-bearing  salt  basins  of  Germany  and  France  had  led 

geologists  to  hope  that  commercial  beds  of  sedimentary  potash  salts 
might  ultimately  be  found  in  this  area. 

Material  evidence  of  a  subterranean  deposit  of  potash  in  the  Per- 
miansa't  basin  in  Dtckens  County,  Texas,  was  reported  in  1912  by  j.  A 

hund  d  'm  S‘ty  TeXaS'  ln  'he  Permian  Period’  about  two 

hundred  million  years  ago,  that  portion  of  the  Great  Plains  now  com 

eastern  Col  TT™  d0™"5  ^  °klahoma'  and  Kansas,  south- 

Colorado,  and  eastern  New  Mexico  was  covered  by  a  shallow 
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intermittently  landlocked  sea.  The  remains  of  this  sea  occur  today  as  a 
salt  deposit  about  373  to  2737  feet  below  the  present  surface.  This  salt 
deposit  varies  in  thickness  from  200  to  4,400  feet,  the  average  thickness 
in  the  New  Mexico  portion  of  the  basin  being  about  2,000  feet.  Potash 

salts,  primarily  polyhalite,  have  been  found  in 
that  portion  of  the  deposit  known  as  the  Staked 
Plains  area,  an  area  of  some  40,000  square 
miles.  These  deposits  range  in  thickness  from 
1.5  to  9-0  feet  and  contain  9  to  13  per  cent  of 
potash.  Drilling  for  potash  in  the  basin  was 
begun  in  1915  by  the  United  States  Geological 
Survey  but  the  well  did  not  show  any  significant 
occurrence  of  potash  and  the  strata  or  beds 
were  too  thin  to  be  commercially  feasible.  Search 
for  potash,  however,  was  continued  and  oil-well 
cuttings  from  many  parts  of  the  country  were 
examined  by  the  United  States  Geological  Sur¬ 
vey.  As  a  result  of  these  examinations  polyhalite 
was  found  in  well  cuttings  from  Midland  and 
Dawson  Counties,  Texas,  in  1921,  carnallite 
from  Utah  in  1924,  sylvite  from  a  dry  well  in 
Eddy  County,  New  Mexico,  in  1925.  The  last 
discovery  gave  impetus  to  further  work  in  the 
Permian  basin  by  the  United  States  Govern¬ 
ment,  which  resulted  in  23  core  tests  being 
drilled  during  the  ensuing  five  years  and  in  an 
increased  activity  by  certain  private  concerns. 
The  minerals  carnallite,  langbeinite,  polyhalite, 
and  sylvinite  were  found  in  many  core  tests. 

According  to  Wroth  (1930),  the  first  mineral 
to  be  discovered  in  government  test  wells,  in 
quantities  sufficient  to  allow  economical  exploi¬ 
tation  was  polyhalite.  Pure  polyhalite  contains 
15.6  per  cent  of  pot2sh.  Up  to  the  present  time 
6  potash  minerals,  analyzing  from  5  to  30  per  cent  of  potash,  that 
are  also  found  in  German  and  Alsatian  potash  deposits  have  been 
found  in  Texas  and  New  Mexico.  These  are  polyhalite  (2CaS04.* 
MgSO4.K2SO4.2H2O),  sylvinite  (KCl.NaCl),  carnallite  (KCl.MgCb-- 
6H20),  kainite  (MgS04.KC1.3H20),  langbeinite  (2MgS04.K2S04),  and 


Fig.  78.  {Left)  Joint 
tissues  of  corn  remain 
healthy  in  plants  ade¬ 
quately  supplied  with 
potassium.  (Right)  The 
joint  tissue  discolora- 
ations  are  caused  by 
accumulations  of  iron 
compounds.  This  is  the 
typical  symptom  indi¬ 
cating  potassium  starva¬ 
tion.  The  symptom  is 
confirmed  by  chemical 
tests  of  these  tissues. 
(Courtesy,  Indiana  Agri¬ 
cultural  Experiment  Sta¬ 
tion.) 
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.  Fig.  79.  Refinery  of  the  U.S.  Potash  Company.  (Courtesy,  U.S.  Potash  Company.) 


estimates 


leonite  (K2SO4.MgSO4.H2O).  Dolbear  (1946) 

60,000,000  tons  potash  alone  in  the  polyhalire  of* the  Permian  basin. 
However,  the  polyhalite  is  not  as  easily  refined  as  sylvinite.  Turrentine 
(1943)  estimated  that  the  area  underlain  by  sylvinite  and  other  water- 
soluble  potash  beds  covers  an  area  of  3,000  square  miles,  principally  in 
New  Mexico,  but  extending  slightly  across  the  southern  border  of  New 
Mexico  into  Texas.  Large  bodies  of  sylvinite  that  are  4  to  12  feet  thick 
and  rich  enough  and  sufficiently  shallow  to  justify  extensive  mining 
operations  have  been  found  and  are  now  being. mined  commercially. 
Smith  (1933)  has  reported  that  the  proved  area  of  commercial  potash  salts 
in  New  Mexico  covers  33  square  miles  and  contains  a  reserve  of  more  than 
100,000,000  tons  of  high  grade  salts,  that  is,  a  minimum  of  14  per  cent 
potash.  More  recent  estimates  made  by  Dolbear  (1946)  would  expand 
the  estimates  of  reserves  of  the  New  Mexico  field  to  400,000,000  tons.  In 
addition  it  is  said  that  probably  as  many  as  70  counties  of  Texas  are  under¬ 
lain  with  beds  of  potash  salts  that  have  been  adequately  explored.  Much  of 
this  deposit  appears  to  be  made  up  of  polyhalite  and  sylvinite. 

Mining  of  potash  salts  was  inaugurated  on  land  leased  from  the 
Government  in  1931,  at  Carlsbad,  Eddy  county,  New  Mexico,  by  the 
United  States  Potash  Company,  orginally  the  American  Potash  Company 
and  the  first  commercial  shipment  of  potash  from  Carlsbad  took  place  that 
year.  In  1935  mining  was  also  begun  at  Carlsbad  by  the  Potash  Company 
of  America,  and  in  1940  by  the  Union  Potash  and  Chemical  Company 

rndrhhaS  Tr' y  ^  amalSamated  with  the  International  Minerals 

Sr'uf  r™!,  deposits  at  arisbad  are  in  the  nature  of  a 

eet  thick  and  lie  at  a  depth  of  about  1000  feet.  They  are  com- 
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Table  76 

Percentage  Composition  of  Potash  Salts 
from  New  Mexico 


Muriate 

Run  of  Mine 
Manure  Salts 

Potash  . 

62.49 

27.05 

Potassium  chloride  (KC1) . 

98.92 

42,82 

Sodium  chloride  (NaCl) .  . . 

\f\ 

00 

0 

53-42 

Sodium  oxide  (Na>0) . 

Sulfur  trioxide  (SO3) . 

0.024 

28  33 

Chlorine  (Cl) . 

53.52 

Insoluble  matter . 

0  025 

Moisture  (loss  at  130°  C.) . 

0  10 

0.45 

posed  largely  ot  sylyinite.  The  crude  salts  as  mined  analyze  20  to  30  per 
cent  of  potash  and  are  sold  as  such  on  the  American  market  as  manure 
salts.  The  crude  salts  are  also  refined  and  the  resulting  muriate  of  potash  is 
the  principal  source  of  potash  on  the  American  market.  American  producers 


German  and  French  Sources  of  Potash 
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have  not  yet  attempted  to  supply  the  American  farmer  with  potassium 
phosphates  or  nitrates,  but  they  are  producing  potassium  sulfate  and 
sulfate  of  potash-magnesia  from  langbeinite.  Over  80  per  cent  of  the 
potash  production  of  this  country  comes  from  the  Carlsbad  region. 

It  is  unfortunate  that  the  principal  sources  of  soluble  potash  in  the 
United  States  are  so  remote  from  the  agricultural  areas  of  maximum  use. 

As  already  stated  20  years  ago  potash  beds  were  discovered  in  Utah.  In 
1944,  the  Defence  Plant  Corporation  put  down  some  deep  holes  and  found 
three  beds  of  potash  at  depths  ranging  from  3400  to  4210  feet.  The 
thickest  bed  was  90  feet  thick.  Thus  there  appears  to  be  in  Grand  County, 
Utah,  a  potash  area  potentially  as  important  as  that  of  New  Mexico.  The 
potash  salts  found  in  these  deposits  occur  chiefly  as  the  highly  soluble 
minerals  sylvinite  and  carnallite  and  appear  to  be  10  to  20  times  as  thick 
as  the  sylvinite  beds  of  New  Mexico. 

Small  beds  of  potash  salts  are  also  known  to  be  located  in  Kansas, 
Ohio,  New  York,  and  Michigan,  and  in  Westmoreland  County,  New 
Brunswick,  Canada.  Nevertheless,  all  known  reserves  of  soluble  potash 
in  America  are  less  than  2  per  cent  of  the  world  reserves. 


German  and  French  Sources  of  Potash 


The  first  boring  by  which  potassium  minerals  were  discovered  in 
Germany  was  begun  in  1839,  near  the  town  of  Stassfurt  in  Prussian  Saxony, 

and  completed  in  1843.  The  potash  mineral  carnallite  was  discovered  in 
1856. 


The  German  deposits  of  potash  salts  underlie  an  area  extending 
roughly  from  Thuringia  on  the  soiith,  and  Hanover  on  the  west,  to  Meek- 

lenburg  on  the  north.  The  bulk  of  the  potash-bearing  strata  lies  at  a  depth 
of  1200  to  3500  feet. 


In  1904  the  potash  salt,  sylvinite,  was  discovered  as  a  result  of  a  bonne 
made  during  the  prospecting  for  oil  and  coal  at  Whittelsheim,  neat  Mul 
house  in  Alsace,  but  exploration  of  the  deposits  was  not  begun  until  1908 
and  the  deposits  were  not  exploited  extensively  until  after  World  War  I 
When  this  area  was  returned  to  France.  The  French  deposits  extend  over 
85  square  miles  m  Alsace  largely  between  the  old  Maginot  and  Siegfried 
nes.  Although  these  deposits  produce  a  crude  salt  containing  5  to  25 
p  cent  of  potash,  there  is  a  complete  absence  of  potassium  and  magne- 
srnrn  in  the  sulfate  form,  and  the  operators  are,  therefore,  unable  to  mfnu 
facture  potassium  sulfate  or  potassium  magnesium  sulfate  by  methods 
used  in  Germany.  The  crude  salts  mined  from  these  deposits  contam  on  at 
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average  about  17  per  cent  of  potash,  compared  with  about  13  per  cent  of 
potash  in  the  mined  German  salts.  These  deposits,  which  are  of  Tertiary 
formation,  are  found  1600  to  3000  feet  below  the  surface  and  are  tilted  at 
an  angle  of  about  2  to  3  degrees.  The  deposits  of  potash  salts  occur 
largely  in  two  beds,  one  at  an  average  depth  of  about  2050  feet  and  another 

at  a  depth  of  about  2150  feet.  The 
upper  layer  is  about  4  feet  thick  and 
will  analyze  20  to  25  per  cent  of 
potash.  The  lower  layer  is  larger  in 
area  and  is  said  to  average  about  9 
feet  in  thickness  and  to  analyze  15  to 
21  per  cent  of  potash. 

Origin  and  Nature  of  the  Sub¬ 
terranean  Soluble  Potash 
Salts 

Both  the  American  and  the  Eu¬ 
ropean  deposits  of  soluble  potash 
minerals  were  laid  down  in  ancient 
geologic  times  and  had  their  origin  in 
the  evaporation  of  sea  water.  It  is 


r  thought  that  lakes  of  sea  water  were 

FIG.  81.  Cross  sect, on  of: European  ^  ^  ^  became 

potash  mine  showing  strata  of  potash 

salts.  The  wide  dark  areas  within  the  saline  to  an  extent  comparable  to  me 
white  salt  deposit  are  potash  salts,  water  of  the  Great  Salt  Lake  and  the 
(Courtesy,  N.  V.  Potash  Export  My.,  Sea  Qf  today,  and  that  finally 

Inc  ')  through  further  evaporation  of  water 

their  salts  were  precipitated.  It  is  also  supposed  that  these  lakes  were 
connected  with  the  ocean  by  a  channel,  or  channels,  through  which  further 

incursions  of  sea  water  were  at  times  forced  into  t  e  a  es  y  *  °  . 
Following  each  incursion  of  sea  water  evaporat.cn  continued  until  as 
saturation  point  was  reached  the  salts  were  precipitated  in  the  reverse 
r  u  •  i  kJl.Vw  i  e  calcium  sulfate  on  the  bottom,  then  calcium 

-  sn  srzisis  p— * « ~  : 
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kieserite,  halite,  polyhalite,  and  krugite.  These  deposits  of  soluble  salts 
have  been  largely  protected  from  the  action  of  rainwater  by  a  covering  of 
''salt  clay”  impervious  to  water.  The  beds  of  crude  salts  are  of  enormous 
extent.  The  position  of  these  deposits  of  salts  follows  well  understood 
physical  and  chemical  laws,  and  the  apparent  heterogeneity  of  the  deposits 
can  be  explained  by  such  laws  when  local  geologic  conditions  are  taken 
into  consideration.  In  some  localities,  where  the  deposits  have  been  ex¬ 
posed  to  the  action  of  water,  the  salts  have  been  dissolved  and  then  re¬ 
deposited  so  that  secondary  deposits  of  kainite  and  sylvinite  have  arisen. 
Estimates  as  to  the  duration  of  the  period  over  which  the  disposition  of  the 
German  and  French  salts  took  place  vary  from  1500  to  13,000  years. 


Mining  of  Potash  Salts 

The  deposits  of  potash-bearing  minerals  are  usually  found  from  650  to 
5200  feet  below  the  earth’s  surface  in  Germany  and  France  and  at  about  the 
1000  foot  depth  in  the  United  States.  They  are  reached  by  mine  shafts. 

The  Carlsbad  deposits  of  the  United  States  are  mined  by  what  is  known 
as  the  Room  and  Pillar  method  of  mining.  After  a  shaft  is  sunk  to  a  point 
slightly  below  the  level  of  the  ore  body  to  permit  a  gravity  ore  loading  bin, 
a  large  tunnel  is  driven  on  both  sides  of'the  shaft.  At  right  angles  to  this 
tunnel  the  potash  ore  is  mined  in  large  rooms  about  50  feet  wide  and  300 


Fig.  82.  In  potash 


mine.  Drilling  equipment  and  undercutter  at  the  face. 
U.S.  Potash  Co.) 


(Courtesy, 
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feet  long.  A  pillar  or  wall  about  50  feet  thick  is  left  between  the  rooms  to 
support  the  roof.  When  the  potash  minerals  have  been  removed  from  an 
'  area  in  this  manner  another  tunnel  is  driven  and  the  operations  continued. 
The  ratio  of  ore  extracted  to  ore  left  in  the  pillars  is  about  60  to  40.  No 
mined  areas  have  been  robbed,  for  there  is  water  in  the  overburden  and 
water  must  be  kept  out  of  potash  mines  at  all  costs. 

The  line  of  demarcation  between  the  potash  ore  and  other  salt  deposits 
is  rather  clear.  Undercutting  machines  are  used  to  cut  a  slot  to  a  depth  of 
8  feet  across  the  lower  part  of  the  potash  bed,  and  into  the  face  of  potash 
ore  are  drilled  a  number  of  holes  in  which  dynamite  is  placed.  The  dyna¬ 
mite  is  then  exploded  and  the  ore  is  broken  down  clearly  and  loaded  into 
cars  by  a  dragline  scraper.  Electric  locomotives  haul  the  loaded  cars  to  the 
shaft  where  the  ore  is  carried  up  by  elevators  to  bins  in  the  head  frame. 
American  Mines  are  dry,  well  ventilated  and  the  colored  crystals  give  an 
effect  of  clearness  seldom  associated  with  mines.  The  potash  ore  is  taken 
from  the  bins  to  the  refinery,  or  it  is  crushed  and  screened  and  prepared  for 

the  trade  as  "run  of  mine  potash  salts. 

The  characteristics  of  some  of  the  most  important  potash  minerals 
and  salt  mixtures  now  taken  from  the  European  and  American  deposits  are 

given  below. 

Langbeinite 

Langbeinite  is  mined  at  one  of  the  mines  at  Carlsbad  and  the  ore  is 
refined  for  the  production  of  potassium  sulfate,  sulfate  of  potash  mag¬ 
nesia,  and  by-product  magnesium  chloride.  It  is  harder  than  sylvmite  or 
halite  and  is  about  as  hard  as  limestone.  It  is  brittle,  shatters  easily  and  is 
for  this  reason  more  easily  blasted  than  sylvmite.  It  has  the  formula 
(K2S04.2MgS04.XNaCl). 


Carnallite 

Carnallite  is  the  principal  potash  mineral  found  in  the  German  deposits 
but  at  present  is  econom.cally  of  only  secondary  .mportance.  It  is  a  mix 
rare  Of  magnesium  potassium  chloride.  KCl.MgCI,6H20.  together  with 
mpuSuch  as  common  salt  and  magnesium  sulfate.  As  mined,  it  cott¬ 
ons  only  about  9  to  12  per  cent  of  potash.  This,  together  wit  ,ts  hygro- 
scopic  chatactet,  makes  it  unsuited  fot  long  distance  shipping  or 
use  It  tcommonly  used  fot  fertilizer  in  European  localities  within  easy 

transport  distance  of  the  mines. 


Methods  Employed  in  the  Manufacture  of  Muriate  of  Potash 


Kainite 

The  mineral  kainite  is  found  in  the  American,  German,  and  French 
deposits.  The  color  of  the  salt  may  vary,  and  all  shades  of  white,  gray, 
yellow  and  red  may  be  found.  Kainite  deposits  are  often  intersected  with 
rock  salt  and  other  minerals.  In  fact,  very  little  pure  kainite,  KCl.MgS04 
.3H0O,  occurs  as  such. 

The  commercial  product,  kainite,  consists  largely  of  a  mixture  of 
potassium  chloride,  magnesium  sulfate,  and  magnesium  and  sodium 
chlorides.  Any  low-grade  potash  salt  of  subterranean  origin,  carrying  14 
to  22  per  cent  of  potash,  may  now  be  referred  to  in  the  American  trade  as 
kainite.  In  recent  years  a  kainite  analyzing  20  per  cent  of  potash  has  re¬ 
placed  much  of  the  lower  grades  on  the  American  market.  Kainite  usually 
carries  about  46  per  cent  of  chlorine.  It  is  alkaline  to  litmus.  When  kept  in 
storage  kainite,  like  most  of  the  potash  salts,  often  “sets  up”  and  has  to  be 
reground. 

t 

Sylvinite 

Sylvinite  is  the  principal  potash  salt  mixture  in  the  American  and 
French  deposits.  It  is  thought  to  be  a  decomposition  product  of  carnallite 
and  is  composed  largely  of  sylvite  (KCL)  and  sodium  chloride,  together 
with  small  amounts  of  magnesium  chloride  and  calcium  sulfate.  The  name 
sylvinite,  like  kainite,  has  now  a  commercial  usage  and  in  France  is  applied 
to  various  fertilizer  salts  having  a  potash  content  of  20  to  42  per  cent, 
regardless  of  composition.  The  mine-run  material  taken  from  the  Ameri¬ 
can  deposits  is  marketed  as  manure  salts. 


Hardsalz 


Hardsalz  is  not  a  definite  mineral,  but  a  natural  mixture  of  sylvite, 
kieserite  (MgS04.7H20),  and  rock  salt.  In  1937  82  per  cent  of  the  produc¬ 
tion  of  crude  potash  salts  in  Germany  was  composed  of  the  more  valuable 
and  readily  worked  hardsalz,  kainite,  and  sylvinite  bearing  mixtures. 
Like  carnallite,  hardsalz  is  sometimes  ground  and  used  in  Europe  for 

fertilizer  purposes,  and  is  usually  sold  under  a  guarantee  to  contain  16  per 
cent  of  nnrach  r 


Methods  Employed 
of  Potash 


in  the  Manufacture  of  Muriate 


Muriate  of  potash,  or  potassium  chloride,  occurs  in  the  American 
German,  and  French  deposits  only  to  a  small  extent  its  mint™ 


254 


Production ,  Manufacture ,  and  Use  of  the  Potash  Fertilizers 


Fig.  83.  Mine  site  of  the  U.S.  Potash  Co.— headframe,  ore  bins,  crushing  plant,  and 

tram  cars.  (Courtesy,  U.S.  Potash  Co.) 


sylvite.  The  product  that  is  sold  on  the  market  as  muriare  of  potash 
is  a  refined  product  that  has  been  secured  by  removing  sodium  chloride 
from  sylvinite  of  the  American  and  French  deposits  or  by  removing 
magnesium  chloride  or  sulfate  from  carnallite  and  hardsalz  of  the  German 
deposits.  The  German  muriate  carries  some  magnesium  sulfate  and  chlo¬ 
ride,  whereas  the  French  muriate  does  not.  While  the  methods  of  refining 
employed  at  the  different  refineries  vary  somewhat,  the  general  procedure 
at  most  American  and  European  plants  is  about  the  same. 

The  method  employed  in  separating  the  potassium  chloride  from  the 
other  salts  is  largely  dependent  upon  lixiviation,  usually  in  hot  solutions, 
followed  by  cooling  and  crystallization.  Owing  to  their  difference  in 
solubility  in  water  at  different  temperatures,  potassium,  sodium,  and 
magnesium  chlorides  and  sulfares  disassociate  themselves  when  the  crude 
salts  of  which  they  are  constituents  are  dissolved  in  water.  Thus,  the 
mineral  carnallite  readily  breaks  down  when  it  is  dissolved  in  water. 
Potassium  chloride,  when  mixed  with  sodium  chloride,  is  much  more 
soluble  in  hot  water  than  in  cold  water,  whereas  sodium  chloride  is  some¬ 
what  more  soluble  in  cold  water  than  in  hot  water.  This  may  be  due  to  th 
fact  that  potassium  and  chlorine  are  isosteric,  whereas  sodium  and  chlor 

arC  The  plant  of  the  Potash  Company  of  America  concentrates  the  crude 
salts  by  the  process  of  flotation.  The  mineral  is  ground  to  separate  the 
crystals  of  KC1  and  NaCl,  filmed  with  a  reagent,  a  s^ectwe^vi^^espe  ^ 
NaCl,  and  passed  through  a  series  of  flotation  ce  s. 
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particles  of  halite  may  be  separated  from  fine  particles  of  sylvite,  although 
these  two  salts  differ  only  0.16  in  specific  gravity. 

Muriate  of  potash  is  manufactured  more  extensively  than  any  other 
potash  fertilizer.  It  has  been  estimated  that  at  least  90  per  cent  of  the  potas¬ 
sium  content  of  potash  salts  consumed  in  the  world  is  in  the  form  of 
potassium  chloride.  Muriate  of  potash  may  contain  48  to  62  per  cent  of 
potash  and  about  47  per  cent  of  chlorine.  The  American  preferred  prod¬ 
uct  contains  62  per  cent  of  potash  and  this  grade  makes  up  over  three- 
fourths  of  the  American  production.  Some  of  this  muriate  is  known  as  “red 
muriate.”  The  impurities  are  composed  largely  of  common  salt.  The  name 
muriate  is  derived  from  the  term  muriatic  acid,  which  is  the  common  name 
for  hydrochloric  acid.  Muriate  of  potash  is  usually  the  cheapest  carrier  of 
potash  found  on  the  market. 


Methods  Employed  in  the  Manufacture  of  Potassium 

Magnesium  Sulfate 

Potassium  magnesium  sulfate  is  sold  on  the  market  as  sulfate  of  potash 
magnesia.  At  one  time  this  material  was  called  “double  manure  salts.” 
It  is  useful  where  a  low  chlorine  content  fertilizer  or  a  magnesium  carrying 
fertilizer  is  desired.  The  American  Association  of  Official  Agricultural 
Chemists  has  recommended  that  potash  salts  sold  in  the  United  States 
as  sulfate  of  potash  magnesia  contain  not  less  than  25  per  cent  of  potash 
nor  less  than  25  per  cent  of  magnesium  sulfate,  and  not  more  than  2.5  per 
cent  of  chlorine.  The  German  material  sold  in  the  United  States  in  prewar 
years  carried  about  48  to  53  per  cent  of  potassium  sulfate. 

Potassium  magnesium  sulfate  is  manufactured  in  Germany  and  is  pre¬ 
pared  by  dissolving  kieserite  in  hot  water  until  a  solution  having  a  specific 
gravity  of  1.32  is  secured.  The  solution  is  then  allowed  to  cool  to  30°  C. 
and  potassium  chloride  is  added  until  the  magnesium  chloride  content 
amounts  to  10  to  20  per  cent,  the  amount  of  potassium  chloride  added 
ependmg  upon  the  composition  of  the  kieserite.  At  this  point  the  double 

Ibo^iws  maSnCSia  PredpitateS  aS  fine  CrySCdS-  The  —ion  is 


2KC1  +  2MgS04.7H20  =  K2SO4.MgSO4.6H2O  +  MgCl,.H20 
came  on  the  market  in  1941.  Mexico.  Washed  langbemite 
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Methods  Employed  in  the  Manufacture  of  Potassium 

Sulfate 

Potassium  sulfate  was  formerly  manufactured  in  Germany  from 
kainite  but  it  is  now  made  by  dissolving  any  double  sulfate  of  potassium 
and  magnesium  in  water  and  then  adding  a  concentrated  solution  of 
potassium  chloride.  Potassium  sulfate  precipitates  itself  and  is  separated 
from  the  solution  by  simple  decantation.  The  sulfate  is  then  dried, 
screened,  ground,  and  sacked  for  shipment.  One  American  plant  produces 
its  potassium  sulfate  through  the  interaction  of  potassium  chloride  and 
sodium  sulfate,  another  through  the  action  of  caustic  potash  and 
potassium  chlorate,  and  still  another  produces  it  from  langbeinite.  The 
French  and  some  American  operators  have  produced  a  little  potassium 
sulfate  by  treating  potassium  chloride  with  sulfuric  acid.  The  method  is 
similar  to  that  used  in  the  manufacture  of  HC1  from  NaCl.  High  grade 
potassium  sulfate  contains  at  least  48  per  cent  of  potash  and  not  more  than 
2  5  per  cent  of  chlorine.  The  product  sold  in  the  United  States  contains  90 
to  95  per  cent  of  potassium  sulfate.  As  there  is  less  demand  for  potassium 
sulfate  than  for  potassium  chloride,  smaller  quantities  of  potassium  sulfate 
are  manufactured.  Potassium  sulfate  has  a  better  physical  condition  than 
most  of  the  potash  salts  and  is  much  more  finely  divided.  Potassium  sul¬ 
fate  would  be  more  generally  used  were  it  not  for  its  high  market  value 
which  results  from  the  expense  involved  in  its  production. 


Potash  Salts 

Potash  salts  that  have  been  only  partially  refined  are  manufactured  in 
both  Europe  and  America.  They  vary  in  composition  from  9  to  42  per 

cent  of  potash.  j  as  follows"  (l)  Carnallite, 

The  German  producers  export  5  grades,  as  tono  s.  w 

analyzing  9  to  12  per  cent  of  potash;  (2)  crude  salts,  analyzing  12  to  15 

per  lent  of  potash;  (3)  fertilizer  sales  analyzrng  18  to  ^  P-  -t  pot. 

(4)  fertilizer  salts  analyzing  28  to  32  per  cent  of  potash,  (5)  feml.zer 

■”r;gr,rh4p,sr;:^t8»d,, 

i  i?  to  16  per  cent  of  potash;  (2)  sylvimte  analyzing  -0  to 

nil  cent  of  potash;  and  (3)  sylvinite  analyzing  30  to  40  per  cent  o 

POtThe  American  producers  are  selling  crude  salts  that  analyze  20  to  30 
per  cent  of  potash  under  the  name  of  manure  salts. 
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Potassium  Magnesium  Carbonate 

Small  amounts  of  a  double  carbonate  of  potassium  and  magnesium 
have  been  imported  into  this  country  from  Germany,  and  at  some  of  the 
New  England  experiment  stations  this  product  has  proved  a  satisfactory 
potash  fertilizer.  It  contains  about  20  per  cent  of  both  potash  and  magnesia. 
It  is  free  from  chlorides  and  can  therefore  be  applied  safely  to  crops 
which  are  injured  by  chlorides.  It  has  a  neutralizing  effect  on  soil  acids. 


Potassium  Silicate 

Formerly  potassium  silicate  containing  about  25  per  cent  of  potash  was 
manufactured  in  Germany.  It  has  been  tested  in  this  country  by  the 
Massachusetts  Experiment  Station  and  found  to  be  a  high-grade  product 
comparable  with  potassium  chloride  and  potassium  sulfate. 


By-products  of  the  Potash  Industry 

In  recent  years  the  increased  competition  which  European  and  Ameri¬ 
can  potash  has  had  to  meet  has  resulted  in  attempts  to  reduce  the  cost  of 
potash  to  the  final  consumer.  As  a  result  high-grade  potash  salts  are  now 
found  on  the  market  in  the  place  of  the  crude  salts  formerly  sold.  Refining 
of  the  potash  minerals  is  accomplished  by  rejecting  the  nonpotash  constit¬ 
uents  and  concentrating  the  potash  in  a  small  bulk.  In  this  way  the  freight 
on  long  distance  shipments  of  useless  material  is  saved.  Such  by-products 
as  rock  salt,  magnesium  sulfate,  sodium  sulfate,  Glauber’s  salt,  bromine, 
boric  acid,  bromides,  lithium  salts,  and  others  are  now  produced  from  the 
European  and  Californian  deposits,  and  potassium  hydroxide  and  mag¬ 
nesium  chloride  from  the  Carlsbad  deposits  so  that  potash  need  not  carry 
the  entire  expense  of  the  industry.  Research  work  leading  to  industrial 
efficiency  is  constantly  carried  on. 


European  Control  of  the  American  Potash  Market 

After  World  War  I,  the  Versailles  Treaty  gave  the  Galician  deposits  of 
potash  to  the  recreated  state  of  Poland  and  the  Alsatian  deposits  to  France. 

th  the  return  ol  Alsace-Lorraine  to  France,  the  French  made  a  successful 
effort  to  exploit  the  Alsatian  deposits.  The  exportation  of  their  product  in 
competition  with  potash  from  German  sources  soon  became  T  factor  in 
the  world  trade  of  potash.  This  competition  resulted  in  an  agreement 
ween  the  French  and  the  Germans,  in  August  1924,  which  put  an  end 
to  the  competition  in  the  United  States  and  in  other  parts  of  the  world 
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This  agreement  was  the  beginning  of  the  international  cartel  which  took 
over  the  functions  of  the  prewar  German  monopoly  in  controlling  over¬ 
production  and  allocating  orders.  This  agreement  fixed  the  proportion  of 
sales  allowed  to  each  nation  in  the  American  market.  According  to  this 
agreement  France  was  allotted  37.5  per  cent  and  Germany  62.5  per  cent 
of  the  American  sales.  These  figures  were  based  on  the  percentages  of  the 
deliveries  in  1923.  In  April,  1926,  the  agreement  was  revised  so  that  sales 
in  all  foreign  markets  were  divided  between  the  French  and  German 
producers  in  the  ratio  of  30  and  70,  respectively.  In  1927  the  sales  offices  for 
both  the  German  and  French  products  in  the  United  States  were  combined 
under  the  supervision  of  a  Dutch  corporation  the  N.V.  Potash  Export 
My.,  so  that  foreign  propaganda  relative  to  the  use  of  potash  salts  was 
directed  from  one  office  until  the  beginning  of  World  War  II  in  1939  when 
these  offices  were  again  separated.  In  1935  the  Spanish  potash  producers 
became  affiliated  with  the  European  potash  cartel  with  an  allocation  of  15 
per  cent  of  the  export  market  served  by  the  group.  In  like  manner  Poland 
was  allocated  4  per  cent  and  it  is  reported  that  agreements  were  reached 
with  producers  in  Russia  and  Palestine.  Because  of  legal  restrictions  the 
producers  in  the  United  States  were  never  included  in  the  cartel. 

The  advent  of  World  War  II  in  1939  brought  an  end  to  importations 
of  the  European  potashes  into  the  United  States.  In  1941  only  13  short  tons 
of  potash  salts  were  imported  into  the  United  States  and  in  1944  only  5 


P,G.  84.  Influence  ^P"^  ^ 


Other  Foreign  Sources  of  Potash 
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tons.  It  is  doubtful  that  foreign  potashes  will  ever  again  monopolize  the 
American  Market,  but  no  doubt  the  American  producers  can  look  for 
severe  competition.  World  War  II  also  put  an  end  to  the  German  cartel  but 
it  is  not  at  all  unlikely  that  an  Anglo-Russo-French  cartel  will  now  take  its 
place,  for  the  potash  industry  is  government  owned  and  controlled  in 
Russia,  and  to  a  large  extent  in  France.  England  controls  22  per  cent  of  the 
potash  resources  of  Germany  and  also  the  potash  resources  of  the  waters  of 
the  Dead  Sea.  The  end  of  World  War  II  brought  about  the  occupation  of 
Germany  by  Russia,  Britain,  and  the  United  States  so  that  the  potash  re¬ 
sources  of  Germany  are  controlled  to  the  extent  of  61  per  cent  by  Russia, 
22  per  cent  by  Britain,  14  per  cent  by  the  United  States,  and  3  per  cent  by 
France. 

Other  Foreign  Sources  of  Potash 


During  World  War  I,  deposits  of  potash,  largely  sylvinite  and  carnal- 
lite,  were  found  near  the  town  of  Suria  in  northeastern  Spain.  Mining 
operations  were  started  a  short  time  later.  The  workable  crude  sylvinite 
contains  18  to  34  per  cent  of  potash,  and  the  crude  carnallite-bearing  salts 
about  12  per  cent  of  potash.  By  1935  Spain  had  become  one  of  the 
world’s  leading  producers  of  potash.  During  the  Spanish  Civil  War  the 
mines  were  damaged  and  production  was  brought  to  a  standstill  from 
the  latter  part  of  1936  through  1939-  Normal  output  was  again  attained 
in  1940  and  by  1944  Spanish  production  aggregated  128,000  tons  of 


potash. 


The  mining  of  potash  in  Poland  dates  from  about  1862.  Very  little 
development  of  the  industry  took  place,  however,  until  after  World 
Wat  I.  One  authority  has  estimated  Poland’s  resources  of  potash  salts  in 
t  e  Galician  region  to  amount  to  nearly  250,000,000  metric  tons.  The 
crude  salts  of  these  deposits  contain  on  an  average  about  nPr 


very  improbable  that  potash  from  this 


some  success  from  leu  cite, 
this  source  will  ever  enter 


international  trade. 


The  potash  industry  of  Japan  is  largely  based 


upon  kelp.  The  kelp  is 
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harvested  by  manual  labor,  usually  by  women  divers,  and  then  sun-dried 
and  shipped  to  the  factory.  Iodine  and  many  other  materials  are  produced 
as  by-products  of  potash  manufacture.  Both  potash  and  iodine  were  pro¬ 
duced  just  prior  to  World  War  II  in  such  quantities  as  to  provide  an  excess 
for  export. 

The  water  of  the  Dead  Sea,  like  that  of  our  Great  Salt  Lake,  contains  a 
high  percentage  of  salt.  The  Dead  Sea  lies  1300  feet  below  sea  level,  is 
about  47  miles  long  and  9  miles  wide  and  represents  the  remnant  of  a 
much  larger  lake  of  the  Quarternary  Era.  Methods  for  the  extraction  of  the 
potash  salts,  on  a  commercial  scale  by  salar  evaporation,  has  received  con¬ 
siderable  attention,  but  many  difficulties  remain  to  be  overcome  before 
these  salts  can  be  profitably  extracted.  It  has  been  estimated  that  the  Dead 
Sea  contains  1200  million  tons  of  potash.  In  1939  Palestine  produced 
80,000  tons  of  potash,  and  this  was  not  materially  increased  during  the 
period  of  World  War  II  for  production  emphasis  was  laid  on  bromine. 

Russian  deposits  of  potash  discovered  in  1925  are  said  to  be  quite 
extensive  underlying  the  province  of  Perm.  Production  of  sylvinite  and 
carnallite  has  expanded  quite  rapidly  since  1932.  Most  of  the  production  is 
at  Ssolikamsk  in  the  northern  Urals.  Little  is  known  as  to  what  new  dis¬ 
coveries  were  made  during  the  period  of  World  War  II.  Recently  Soviet 
engineers  have  urged  the  exploitation  of  the  potash  deposits  of  Central 
Asia.  It  would  seem  that  because  of  their  inland  location  the  Russian 
deposits  are  not  a  promising  source  of  potash  for  international  trade. 

Potash  deposits  are  also  found  and  worked  to  some  extent  in  Abyssinia, 
Brazil,  Canada,  Norway,  Peru,  and  Sweden.  Economically,  they  have  yet 
to  prove  of  commercial  importance. 


World’s  Reserve  of  Soluble  Potash 

Mansfield  (1926),  of  the  United  States  Geological  Survey,  has  esti¬ 
mated  the  world's  reserve  of  potash  in  the  form  of  soluble  salts 1  to  e 
2  338  000,000  metric  tons.  This  reserve  was  est.mated  to  be  sufficient 
then  rate  of  production  to  last  nearly  2,000  years.  The  reserves  of  Germany 
alone  were  estimated  at  2,500,000,000  tons.  Two  mines  of  Poland  have  a 
_  1  estimated  reserve  of  10,000,000  tons.  Considerable  unexplored  tern- 
mv  o  Zand  s  believed  to  be  underlaid  by  workable  bed.  The  potash 
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rather  recent  evidence  has  been  secured  which  would  indicate  extensive 
deposits,  probably  amounting  to  millions  of  tons,  in  southeastern  New 
Mexico,  southwestern  Texas,  Utah,  as  well  as  in  other  Rocky  Mountain 
States  of  the  United  States.  Dolbear  (1946)  estimates  these  gross  reserves 
of  potash  to  be  106,963,000  tons. 

In  Table  77  is  given  an  estimated  world  reserve  of  potash,  as  reported 
by  Turrentine,  (1943). 


Table  77 


Estimated  World  Potash  Reserves 


Tons 

United  States. . . 

85,000,000 

Russia. .  . 

700,000,000 

Poland . 

10,000,000 

Germany . 

2,500,000,000 

France . 

300,000,000 

Spain . 

270,000,000 

Palestine . 

1,200,000,000 

Soils  to  Which  Potash  Is  Applied 

It  is  to  be  expected  that  crops  grown  on  soils  that  are  deficient  in 
potassium,  such  as  muck,  peat,  and  sandy  soils,  should  be  particularly 
responsive  to  the  use  of  potash.  The  results  of  many  experiments  have 
shown  this  to  be  true.  Crops  grown  on  clay  soils,  especially  those  with  a 
high  organic  matter  content  in  the  younger  agricultural  areas  of  the  coun¬ 
try  and  of  those  particular  soil  series  that  have  the  capacity  to  release 
potassium  in  greater  quantities  than  normal  from  the  nonexchangeable 
forms,  seldom  require  large  applications  of  potash  fertilizers,  whereas 
sandy  soils  nearly  always  produce  their  greatest  yields  of  crops  where 
1.  aPP^cations  of  potash  fertilizers  have  been  made.  In  fact  in  the 
Umted  States  potash  is  applied  to  the  greatest  extent  to  crops  grown  on 
t  e  ight  gray,  sandy  soils  of  the  southeastern  states. 

The  five  southeastern  states-North  Carolina,  South  Carolina,  Florida 
eorgta,  and  Alabama-consume  about  40  per  cent  of  the  potash  used  in 

rrr  i  " states- in  78  - ** 

sumpuon  of  potash  m  the  Umted  States,  by  states,  in  1944  It  will  be 
starts  "  n0t  eXtenS1Vdy  USeJ  ^  ” 
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Table  78 

The  Estimated  Consumption  of  Potash  in  the  United  States  by  States  in  1944 


Rank 

State 

Tons 

1 

North  Carolina . 

69,913 

2 

Florida . 

58,563 

3 

Georgia. . 

49,404 

4 

South  Carolina . 

40,560 

5 

Indiana . 

39,695 

6 

Ohio . 

38,150 

7 

Alabama . 

28,442 

8 

Maine . 

27,460 

9 

Virginia . 

25,542 

10 

Pennsylvania . 

24,012 

11 

New  York . 

23,764 

12 

New  Jersey . 

19,774 

13 

Michigan . 

19,661 

14 

Illinois . 

17,889 

15 

Wisconsin . 

16,544 

16 

Maryland . 

15,271 

17 

Mississippi . 

12,416 

18 

Tennessee . 

11,859 

19 

California . 

9,778 

20 

Arkansas . 

9,145 

21 

Kentucky . 

8,689 

22 

Louisiana . 

7,301 

23 

Texas . 

7,100 

24 

Missouri . 

6,200 

Rank 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 


State 


Massachusetts .  . 
Connecticut .  .  .  . 

Iowa . 

Minnesota . 

Delaware . 

West  Virginia.  . 
Washington.  .  .  . 
New  Hampshire. 
Rhode  Island.  .  . 

Vermont . 

Oregon . 

Oklahoma . 

Kansas . 

Arizona . 

North  Dakota . 

Idaho . 

Colorado . 

New  Mexico .  .  . 
South  Dakota 

Nevada . 

Nebraska . 

Montana . 

Utah . 

Wyoming . 


Tons 


5,388 

4,702 

4,053 

3,940 

3,509 

2,482 

1,750 

1,342 

1,214 

1,195 

1,080 

606 

536 

472 

182 

180 

60 

22 

18 

6 

4 

3 

2 

2 


Codings  (1929)  has  called  attention  to  the  profitableness  of  the 
European  practice  of  making  large  applications  of  potash  fertilizers  to 
crops  grown  on  all  classes  of  soils. 

Influence  of  Potash  Salts  On  Soil  Acidity 

The  available  evidence  as  to  the  influence  of  the  potash  salts  on  soil 
acidity  is  somewhat  conflicting,  but  it  does  show  that  the  influence  o 
quantities  generally  applied  is  not  very  great  and  is  apparently  masked  by 
the  in  U  nee  of  ocher  soil,  cropping,  and  fertilizer  practices.  Maclnor 
r  J  11941)  found  that  successive  annual  additions  of  potassium  sulfate 
exU  no  diSt  influence  upon  the  ultimate  pH  of  the  soil.  Skinner  an 
Beattie  (1917)  applied  potassium  sulfate  at  the  rate  of  100  Pounds  P 

Beattie  Ul'J  PP  determined  the  lime  requirements  of  the 
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potassium  sulfate,  when  applied  to  the  soil  under  test,  at  the  rate  of  100 
pounds  per  acre  annually  increased  the  lime  requirement  of  the  soil  in 
each  case. 

Table  79 

Influence  of  the  Continued  Use  of  Potassium  Sulfate  on  the  Lime  Requirement 
of  the  Soil,  Arlington,  Virginia,  Experimental  Farm 
{Lime  requirement,  pounds  CaCO 3  per  acre ) 


Treatment 

Wheat 

Rye 

Clover 

Timo¬ 

thy 

Corn 

Cow- 

peas 

Pota¬ 

toes 

Aver¬ 

age 

Soil  untreated . 

1782 

2136 

1566 

1780 

1386 

1958 

1691 

3104 

1654 
213  6 

1780 

2136 

1876 

2241 

1677 

2212 

Soil  and  potassium  sulfate. . 

On  the  other  hand,  Burgess  (1922),  of  the  Rhode  Island  Experiment 
Station,  concluded  that  all  potash  salts  reduced  slightly  the  acidity  of  the 
soil.  The  lime  requirements  of  all  plats  which  had  received  equivalent 
quantities  of  potash,  but  in  different  carriers,  for  10  years  are  given  in 
Table  80. 

Table  80 

Relative  Influence  of  the  Continued  Use  of  Various  Carriers  of 
Potash  on  the  Lime  Requirement  of  the  Soil,  Rhode 
Island  Experiment  Station 


Carrier  of  Potash 

Total  Crop  Grown 
During  Last  Five 
Years  {tons) 

Lime  Require¬ 
ment,  Jones 
Method  {lbs. 
CaO  per  acre) 

None .... 

1800 

1530 

1350 

1260 

1080 

Potassium  sulfate. 

li  .  9) 

16.59 

1  7  Q? 

Potassium  chloride 

Potassium  magnesium  sulfate 

14.11 

17.72 

Kainite. . . . 

Russell  (1932),  of  the  Rothamsted  Experiment  Station,  England 
as  been  unable  to  find  evidence  at  that  station  that  potassium  sulfate 
tends  to  increase  the  acidity  of  the  soil.  Theoretically,  this  is  what  would  be 
expected,  for  both  KC1  and  K2S04  are  neutral  salts 


Crops  to  Which  Potash  Is  Applied 


In  this  country  a  large 
crops  is  applied  to  cotton, 


percentage  of  the  potash  consumed  by  field 
corn,  and  potatoes.  This  is  not  due  necessarily 
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Fig.  85.  {Left)  Healthy  corn  plant.  {Right) 
Corn  plant  showing  marginal  leaf  burn  and  other 
symptoms  of  potash  deficiency.  (Courtesy,  South 
Carolina  Agricultural  Experiment  Station.) 


to  a  greater  demand  for  potash  by  these  crops  than  by  other  crops,  but 
because  these  crops  are  grown  on  soils  deficient  in  potash.  Furthermore, 
in  the  case  of  tobacco  and  potatoes,  potash  n  quirements  are  greater 


owing  to  the  intensive  system  of  cultivation  under  which  they  are  grown. 
Farmers  use  potash  for  these  crops  because  it  is  a  profitable  practice 
and  they  would  do  likewise  with  any  other  crop  grown  under  similar 

conditions.  * 

The  potato  farmers  of  Aroostock  County,  Marne,  commonly  apply 
pounds  of  soluble  potash  per  acre,  and  this  is  also  a  common  practice  of 

tobacco  growers  in  the  Connecticut  Valley. 

Potash  is  also  applied  in  large  amounts  to  truck  and  vegetable  crops. 
This  may  be  accounted  for  by  the  fact  that  most  truck  crops  are  grown  on 
sands  and  mucks  and  the  potash  content  of  these  sods  is  very  low  Further, 
more,  sands  and  mucks  are  subject  to  heavy  losses  by  leaching  and  for  this 
reason  a  reserve  supply  of  potash  may  not  be  built  up  as  a  rest i  t  of  fe r  - 
lization  over  a  period  of  years.  It  often  happens  that  the  colloidal  comple 
of  the  soil  becomes  so  devoid  of  potassium  that  when  small 
of  DOtash  fertilizers  are  added  the  soil  will  compete  with  the  crop  for 
added  potassium  to  such  an  extent  that  very  little  influence  on  the  crop  w„, 

be  observed  from  the  fertilization. 


When  Potash  Salts  Should  Be  Applied 
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The  application  of  potash  fertilizers  to  pastures  tends  to  bring  about 
an  increase  in  the  clover  content  of  the  flora.  This  is  very  noticeable  in 
pastures  in  the  Southeast,  and  it  has  been  observed  by  the  author  on  the 
Park  at  the  Rothamsted  Experiment  Station,  England.  Similar  observations 
have  been  made  by  Bear  (1927),  of  the  Ohio  Experiment  Station,  and  by 
Van  Alstine,  of  the  Vermont  Experiment  Station. 


Potassium  a  Radioactive  Element 

Because  potassium  is  the  only  radioactive  element  among  the  essential 
elements,  it  has  been  suggested  that  this  property  may  allow  potassium  to 
function  in  some  vital  manner  to  supplement  the  energy  from  sunlight. 
This  subject  should  be  investigated  further. 


When  Potash  Salts  Should  Be  Applied 


Potash  salts  are  generally  applied  before  the  crop  is  planted  and  this 
appears  to  be  a  well-founded  practice.  Patterson  (1903),  of  the  Maryland 
Experiment  Station,  has  reported  that  little  difference  was  secured  in  crop 
yields  when  potash  salts  were  applied  at  the  time  of  planting  and  when 
they  were  applied  3  to  6  months  before  planting.  These  results  are  inter¬ 
esting  in  that  they  show  that  potash  is  not  readily  lost  from  the  soil  In 
most  cases,  however,  the  application  of  potash  salts  some  months  previous 
to  planting  would  not  be  practical. 

In  recent  years  the  practice  of  making  side  applications  of  potash 
fertilizers  to  cultivated  crops,  especially  to  cotton,  has  been  advocated 
and  some  favorable  results  have  been  reported.  Where  large  quantities  of 
potash  salts  are  to  be  applied  it  appears  best  to  make  a  part  of  the  appli¬ 
cation  as  a  side  dressing  in  order  to  avoid  injury  to  germination  and  a  loss 
by  leaching  from  sandy  soils.  When  applied,  however,  in  amounts  com- 
monly  used,  s.de  appl, cations  of  potash  are  not  generally  advised  This 

was  the  conclusion  of  Cooper  and  Wallace  (1937).  Their  results  are  given 
in  fable  81.  6 


Gourley  and  Wander  (1939)  concluded  that  in  applying  potash  to 
orchards  it  might  be  best  to  drop  the  fertilizer  behind  a  deep  tillage 
ool.  This,  they  concluded,  would  put  the  potash  within  the  active  at- 

s  fixedg  h°n  I  "ee  r0°tS  and  bdOW  thC  SOil  20ne  in  which  Potassium 
s  fixed  by  alternate  wetting  and  drying.  This  practice  has  much  to  com- 

. . -  ~  ** » 

MM"‘  “  (,»,).  p„.,„  t. 
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Table  81 


Average  Yield  in  Pounds  of  Seed  Cotton  per  Acre  from  Experiments  on  Rate 
and  Time  of  Applying  Potash  Fertilizer  to  Cotton,  1931-1936, 
Sandhill  Experiment  Station,  South  Carolina 


Pounds 

of 

Potash 

A  pplied 

None 

Time  oj  Application 

Yield  of  Seed  Cotton  in 

Pounds  per  Acre 

Aver- 
ige  for 
Each 
Rate 

1931 

1932 

788 

1933 

631 

1934 

1935 

1936 

Aver¬ 

age 

696 

552 

412 

621 

621 

15 

All  before  planting 

Half  before  planting  and  half 
at  chopping . 

1238 

1230 

966 

1014 

871 

867 

937 

998 

801 

839 

809 

790 

937 

956 

947 

30 

All  before  planting . . 

Half  before  planting  and  half 

at  chopping . 

All  at  chopping . 

1317 

1469 

1449 

1267 

1316 

1278 

1127 

1175 

1174 

1161 

1184 

1142 

1071 

1137 

1123 

1153 

1196 

1181 

1183 

1246 

1224 

1218 

45 

All  before  planting . 

Half  before  planting  and  half 

at  chopping . 

All  at  chopping . 

1525 

1506 

1505 

1424 

1429 

1393 

1357 

1425 

1399 

1329 

1313 

1291 

1213 

1245 

120S 

1163 

1177 

1176 

1335 

1349 

1329 

1338 

60 

All  before  planting . 

Half  before  planting  and  half 

at  chopping . 

All  at  chopping . 

1632 

172< 

1611 

1548 

5 157' 
1  1591 

1538 

151" 

)  150; 

1451 

1521 

151! 

1271 

131( 

132' 

138! 

5  139: 
1 138" 

1471 

1508 
)  1490 

1490 

absorbed  by  plants  during  all  stages  of  development  and  at  night  as  well 
as  during  the  day. 


Relative  Value  of  the  Potash  Fertilizers 

In  View  of  the  fact  that  the  test  for  availability  of 
their  solubility  in  water,  there  is  no  problem  of  aval  a  i  ity 

^  mOS;t™ty?sVoeU!tpotaPs- 

shows  that  muriate  of  potash  gives  results  as  sansfac  y 
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years  ago  Newell,  of  the  Florida  Experiment  Station,  estimated  that  Florida 
farmers  would  save  $160,000  a  year  by  substituting  the  muriate  for  the 
sulfate.  Because  low-grade  kainite  and  other  crude  potash  salts  contain 
a  high  percentage  of  impurities,  it  often  becomes  necessary  to  apply  large 
quantities  where  average,  or  greater  than  average,  applications  of  potash 
are  to  be  made.  As  the  impurities  are  largely  soluble  salts  injury  to  the 
germination  of  seeds  and  to  the  growth  of  seedlings  has  often  been  noted, 
especially  in  dry  seasons,  from  the  application  of  low-analysis  potash  salts. 

With  a  few  notable  exceptions,  most  field  crops  also  appear  to  respond 
as  well  to  potash  salts  carrying  chlorine  as  they  do  to  potassium  sulfate. 
In  fact,  some  crops,  such  as  bright  tobacco,  show  an  additional  response  to 
chlorine  although  they  may  be  injured  by  excessive  quantities.  Moss 
(1927),  of  the  North  Carolina  Experiment  Station,  has  shown  that  muriate 
of  potash,  which  carries  chlorine,  gives  somewhat  higher  yields  of  bright 
tobacco  than  potassium  sulfate,  but  when  applied  as  the  sole  source  of 
potash,  in  quantities  sufficient  to  furnish  more  than  20  to  25  pounds  of 
chlorine,  it  produces  tobacco  of  poorer  burning  quality.  The  same  obser¬ 
vation  has  been  reported  by  many  other  investigators.  It  has  been  observed 
also,  that  plants  receiving  chlorides  appear  to  have  a  better  color  than  those 
receiving  sulfates. 

Garner  and  McMurtrey  (1930)  have  called  attention  to  the  ease  with 
which  the  chlorides  enter  the  plant,  which  is  in  sharp  contrast  with  the 
behavior  of  sulfates  and  phosphates.  This  observation  has  also  been  made 
by  Pettinger  (1932).  Garner  and  McMurtrey  (1930)  think  that  potassium 


HeSfhSt°rth  °f|COtton'  ^  Pl“«  defoliated 
of  potash.  (Coutfesy  K  ^ 
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chloride  enters  the  plant  as  such,  while  the  potassium  furnished  by  the 
sulfate  enters  the  plant  in  some  other  form. 

Maclntire  et  al.  (1938,  1943)  concluded  from  lysimeter  studies  con¬ 
ducted  at  the  Tennessee  Experiment  Station  that  the  addition  of  potassium 
•  sulfate  to  acidic  soils  enhances  the  quantities  of  both  calcium  and  mag¬ 
nesium  in  the  soil  solution. 

Beets  and  Irish  potatoes  also  have  been  reported  to  be  sensitive  to  large 
quantities  of  chlorides.  Chlorides,  when  present  in  large  amounts,  appear 
to  lower  the  crystallizable  sugar  content  of  beets  and  to  make  the  starch 
of  Irish  potatoes  somewhat  waxy.  The  Massachusetts  Experiment  Station 
has  reported  that  the  yield  of  potatoes  remained  about  the  same  over  a 
series  of  years  where  equivalent  amounts  of  potash  were  applied,  either  in 
the  form  of  potassium  chloride  or  potassium  sulfate.  But  the  potatoes 
grown  on  the  potassium  sulfate  plats  were  earlier  and  of  a  better  quality 
than  those  grown  on  the  potassium  chloride  plats.  Also,  during  some  years 
the  potato  vines  on  the  chloride  plats  died  earlier  and  were  more  affected 
by  disease  than  the  vines  on  the  sulfate  plats.  Results  secured  at  the  Roth- 
amsted  Experiment  Station  (1924)  show  that  higher  yields  of  potatoes  are 
secured  with  potassium  sulfate  than  with  potassium  chloride  when  the 
crop  is  grown  in  dry  seasons,  but  that  the  reverse  is  true  during  wet 

seasons.  .  .  .  ,  .  ,  , 

In  the  Mobile,  Alabama,  potato  growing  section,  and  in  Florida,  the 

practice  is  to  derive  practtcally  all  of  the  potash  for  potatoes  from  potassmm 
sulfate  On  the  other  hand,  P.etre  and  Bower  (1945)  point  out  that  the 
potassium  absorption  by  plants  is  usually  decreased  by  the  presence  of 
high  concentrations  of  other  cations  in  solution.  In  the  Beaufort  section 
of  South  Carolina,  and  in  the  Wilmington  section  of  North  Carolina  the 
growers  use  both  potassium  chloride  and  potassium  sulfate.  In  Aroostook 
County  Maine,  practically  all  of  the  potash  for  potatoes  is  derived  from 
muriate’.  Potassium  sulfate  is  demanded  by  the  citrus  growers  of  souther 
California  and  the  tobacco  growers  of  the  East. 

Use  of  Potash  Salts  as  a  Herbicide 

The  value  of  sodium  chloride  as  a  herbicide  for  weeds  has  been  known 

the  value  or  sou  that  finely 

for  years,  but  recent  experiment  1 £ ^purpose.  It  can  be  used  for 
ground  sylvinite  is  even  mot  weeds  of  European  grain 

^pdse)f  the°wee°is  amto  be  completely  destroyed,  it  is  important  that  the 
salt  be  applied  when  the  weeds  ate  quite  young. 


Changes  Potash  Salts  Undergo  in  the  Soil 
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Fig.  87.  On  the  dark  spots  of  this  field  in  Germany  the  charlock  was  destroyed  by 
an  application  of  kainite.  (Courtesy,  N.  V.  Potash  Export  My.,  Inc.) 


Changes  Potash  Salts  Undergo  in  the  Soil 

The  reactions  between  potash  and  the  soil  are  just  as  interesting  as 
are  those  between  phosphoric  acid  and  the  soil,  and  in  many  cases  just  as 
baffling. 

When  soluble  potassium  salts  like  potassium  chloride  and  potassium 
sulfate  are  added  to  the  soil,  they  normally  dissolve  and  undergo  ioniza¬ 
tion  with  a  part  of  the  potassium  being  absorbed  by  the  colloidal  complex 
of  the  soil  in  an  exchangeable  form.  Potassium  which  has  been  so  absorbed 
is  not  lost  from  the  soil  as  readily  as  sodium,  magnesium,  and  calcium,  but 
it  is  not  generally  fixed  in  as  unavailable  a  form  as  is  the  case  with  phos¬ 
phorus.  Under  some  conditions,  however,  varying  with  the  soil  type 
potassium  may  be  fixed  to  a  limited  extent  in  a  nonexchangeable  form 
w  ich  DeTurk  etal.  (1943)  think  is  recoverable  in  part  in  a  few  weeks  and 
perhaps  completely  in  a  longer  time.  Kolodny  and  Robbins  (1940) 

°Ter>  71  ,Sh°Wn  'hat  th'S  nonexdl“S«ble  form  of  potash  is  only’ 

rftdT!  h  V°  t0mat°  plant$'  Joffe  and  Levine  (193?)  have 

strated  that  thts  fixation  is  peculiar  to  potassium  and  that  other  cations 
such  as  calcium,  magnesium,  and  barium,  do  not  appear  to  be  fixed  in 

and  does  ayribes  this  fixation  to  several  different  processes 

nd  does  not  think  ,t  is  due  to  any  definite  soil  mineral.  Ttuog  and  Tone 

(  938)  explained  the  fixation  by  drying  as  due  m  *.  . 

offered  ktr  ok  u  j  •  y  y  ®  as  due  to  tlie  strong  attraction 
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that  if  the  soil  is  prevented  from  drying  out  the  tendency  to  fix  potash  is 
much  reduced  and  that  the  greatest  fixation  of  potash,  in  an  unavailable 
state,  is  in  those  layers  of  the  soil  that  are  subjected  to  alternate  wetting 
and  drying. 

Because  potassium  may  leach  back  to  the  soil  from  the  above-ground 
parts  of  plants,  and  may  even  go  back  to  the  soil  from  plant  roots,  and 
because  it  dominates  all  cations  in  plant  composition,  it  must  be  looked 
upon  as  being  very  nomadic,  a  fact  which  certainly  hinders  our  under¬ 
standing  of  its  behavior.  Potassium  leaches  from  humid  soils  more  rapidly 
than  does  phosphorus.  This  has  been  shown  in  the  study  of  drain¬ 
age  water  by  Voelcker  (1874)  at  the  Rothamsted  Experiment  Station,  by 
Lyon  and  Bizzell  (1918)  at  the  Cornell  Experiment  Station,  and  by 
Collison  and  Walker  (1916)  at  the  Florida  Experiment  Station.  In  its  move¬ 
ment  potassium  may  be  considered  to  be  somewhat  intermediate  between 
nitrogen  and  phosphorus.  Unlike  phosphoric  acid,  after  potash  salts  go 
into  solution  they  may  be  carried  down  into  the  soil  several  inches  before 

the  potassium  becomes  absorbed  by  the  soil.  , 

In  the  sandy  soils  of  the  Atlantic  and  Gulf  coastal  plain  potash  is  sub¬ 
ject  to  leaching  in  rather  large  quantities.  This  is  due  to  the  low  base- 

exchange  capacity  of  these  soils. 
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Fertilizers  Carrying  the  Secondary  Essential 
Elements— Sulfur,  Calcium,  and 
Magnesium 


Recent  intensive  studies  of  plant  nutrient  deficiencies  in  soils,  partic¬ 
ularly  in  the  United  States,  has  led  to  the  revelation  that  many  soils  may 
be  almost  as  deficient  in  one  or  more  of  those  elements  sometimes  labelled 
"secondary  essential" — sulfur,  calcium  and  magnesium — -as  they  are  in 
nitrogen,  phosphorus,  and  potassium. 


Sulfur  an  Essential  Element  for  Plant  Growth 


Sulfur  has  been  known  since  remote  antiquity.  According  to  Clarke, 
the  earth’s  crust  contains  0.06  per  cent  of  sulfur  which  is  found  in  its 
elemental  state  and  as  sulfides  and  sulfates. 

Sulfur  was  determined  to  be  an  essential  element  for  plant  growth 


F;g. 


88.  Plant  of  the  Texas  Gulf  Sulphur  Company  at  Newgulf,  Texas.  (Courte- 

lexas  Gulf  Sulphur  Co.) 


271 


272 


Fertilizers  Carrying  the  Secondary  Essential  Elements 


about  the  year  I860.  This  element  is  a  constituent  of  the  amino  acid 
cystine,  and  cystine  is  a  constituent  of  protein.  Sulfur  is  also  required  by 
the  plant  in  the  synthesizing  of  the  essential  oils.  It  is  a  constituent  of 
mustard  oil,  which  is  found  in  mustard,  and  of  allyl  sulfid  and  vinyl  sulfid 
which  are  found  in  onion  and  garlic.  Members  of  the  plant  families 
Resedaceae,  Capparidaceae,  Umbelliferae,  and  others,  synthesize  special 
organic  sulfur  compounds.  In  the  absence  of  sulfur,  plants  often  are 
characterized  by  yellowing  of  leaves  and  generally  show  symptoms  that 
resemble  those  of  nitrogen  starvation.  This  has  been  shown  to  be  true  in 


Table  82 


Pounds  of  Sulfur  and  Phosphorus  Removed  from  the  Soil  per 
Acre  by  Some  Commonly  Grown  Crops 


Crop 


Wheat,  grain,  30  bu 
Wheat,  straw . 

Total  crop . 

Barley,  grain,  40  bu 
Barley,  straw . 

Total  crop. , - 

Oat,  grain,  30  bu. . 
Oat,  straw . 

Total  crop . 

Corn,  grain,  30  bu 
Corn,  stalks . 


Total  crop. . . 

Tobacco,  leaf.  . 
Tobacco,  stalk. 

Total  crop. . 

Meadow  hay. . 
Red  clover  hay 
Alfalfa  hay 

Potatoes . 

Cabbage . 


Dry 

Sulfur, 

Phosphorus, 

weight , 
pounds 

pounds 

pounds 

1530 

2.6 

6.2 

2653 

3.7 

3.0 

4183 

6.3 

92 

1747 

2.6 

7.0 

2080 

3.1 

2.0 

3827 

5.7 

90 

1625 

3.0 

5.7 

2353 

4.9 

2.8 

3978 

7.9 

8.5 

1500 

2.6 

4.4 

1877 

2.2 

3.5 

3377 

4.8 

7.9 

1800 

6.4 

35 

3200 

2.0 

3.5 

5000 

8.4 

7.0 

28,22 

4.5 

5.4 

3763 

6.2 

10.9 

9000 

25.9 

17.4 

3360 

4.6 

9-4 

4800 

39-2 

2  6.6 
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Sulfur  Lost  from  the  Soil  in  Drainage  Water 

tea  by  Storey  and  Leach  (1933),  in  tobacco  by  McMurtrey  (1938),  in 
tomatoes  by  Fisher  (1935),  in  sugar  cane  by  Martin  (1934),  in  citrus  trees 
by  Haas  (1936),  and  in  the  navel  orange  by  Chapman  and  Brown  (1941 ). 

In  1940  Alway  reported  a  soil  belt  through  Minnesota  where  sulfur  was 
deficient  for  the  maximum  production  of  alfalfa.  As  a  general  rule,  the 
veins  of  a  sulfur-deficient  leaf  are  lighter  in  color  than  the  rest  of  the  leaf. 
Chlorosis  resulting  from  sulfur  deficiency  is  similar  to  that  produced  by 
nitrogen,  but  sulfur-deficient  plants  do  not  readily  lose  their  lower  leaves. 

The  sulfur  content  of  many  plants  is  equal  to  or  greater  than  the 
phosphorus  content.  In  fact,  in  many  legumes  and  members  of  the  Crucif- 
erae  family  the  sulfur  content  exceeds  that  of  phosphorus.  In  Table  82  is 
given  the  sulfur  content  of  some  of  the  common  field  crops,  as  reported 
by  Hart  and  Peterson  (191 1),  of  the  Wisconsin  Experiment  Station  and 
recalculated  by  the  author.  The  phosphorus  content  also  is  given  so  that  a 
comparison  can  be  made  between  the  sulfur  content  and  the  phosphorus 
content  in  the  crops  listed.  Plants  frequently  contain  more  sulfur  than 
phosphorus,  calcium  or  magnesium. 

Sulfur  Lost  from  the  Soil  in  Drainage  Water 

The  annual  loss  of  sulfur  from  the  soil  in  drainage  water  varies  with 
the  sulfur  content  of  the  soil,  and  the  precipitation  under  which  the  soil 
exists.  At  the  Rothamsted  Experiment  Station,  the  annual  loss  of  sulfur  in 
drainage  water  has  been  estimated  by  Hart  and  Peterson  (1911)  to  be  about 
20  pounds  per  acre.  In  this  country,  Erdman  and  Bollen  (1925)  have  re¬ 
ported  an  annual  loss  through  leaching  of  50  pounds  of  sulfur  per  acre, 


Fig.  89.  Harvesting  a  field  of  fertilized 


potatoes  in  New  Jersey. 
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from  Iowa  soils,  and  Hart  and  Peterson  (1911)  have  estimated  that  under 
Wisconsion  conditions  the  annual  loss  through  drainage  is  15  to  20 
pounds  per  acre. 

Sulfur  Added  to  the  Soil  in  Rain  Water 

Sulfur  gases  are  present  in  the  atmosphere  and  are  evolved  through 
the  decomposition  or  the  burning  of  organic  matter.  These  gases  may  be 
absorbed  and  removed  from  the  atmosphere  by  rain  water.  As  would  be 
expected,  the  amount  of  sulfur  added  to  the  soil  annually  by  rain  water  is 
variable.  Soils  located  near  large  cities,  where  immense  quantities  of 
hydrogen  sulfide  and  sulfur  oxides  are  continuously  being  discharged  into 
the  atmosphere,  receive  more  sulfur  than  those  located  at  greater  distances 
from  centers  of  population.  Hart  and  Peterson  (191 1)  have  estimated  that 
the  soils  of  the  Rothamsted  Experiment  Station,  England,  receive  trom 
the  atmosphere  on  an  average  the  equivalent  of  7  pounds  of  sulfur  per 
acre  annually.  Stewart  (1920),  working  at  the  University  of  Illinois,  has 
reported  an  annual  gain  of  sulfur  per  acre,  due  to  precipitation,  of  45.1 
pounds,  and  Collison  and  Mensching  (1932)  report  a  gain  of  41  pounds 
u  Geneva  New  York.  Alway  ltd.  (1937)  reported  an  annual  fall  of  sulfur 
of  100  pounds  per  acre  in  Minneapolis,  Minnesota,  and  of  5  pounds  per 
Lie  in  the  northern  parr  of  the  stare  of  Minnesota,  bur  m  1940  he i  ques¬ 
tioned  his  results  secured  in  Minneapolis.  Harper  (1943)  has  reported  from 
Stillwater,  Oklahoma,  the  annual  addition  by  rain  water  o  .  poun 

SnXl”:ZS« ion  to  the  soil  of  sulfur  in  rain  water  has  a  direct 
,  •  r.  _  nroblem  of  sulfur  fertilization.  Hall  (1915),  Lyon  an 

bearmg  on  1  ^  haye  presented  results  showing  that  the  soil 

t  lv  lose  ’through  drainage  and  cropping  much  more  sulfur  than  is 
annually  loses  t.  g  «  Cornell  University,  as  reported 

added  i^^^^ao  Jy  Tve  shown  an  annual  addition  to  the  soil  of 
by  Bizzell  and  Lyon  9  ^  ^  Jue  tQ  cropping  and  leach- 

3°.l  pounds  o  sulf  ,  ;on  containing  legumes  was  followed 

,ng  from  plats  on  w  wher£  such  conditions  prevail  it  would 

apwar  that  sulfur  must  be  applied  as  a  fertilizer,  or  this  element  will  even- 
tually  become  a  limiting  factor  in  crop  production. 

Value  of  Elemental  Sulfur  as  a  Fertilizer 

'  ril  1912  that  the  work  of  several  foreign  investigators 

demonstrated  the  value^of 'elemental  sulfur  as  a  fertilizer.  In  this  country 
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Fig.  90.  Storage  pile  of  raw  sulfur.  (Courtesy,  Texas  Gulf  Sulphur  Co.) 


Shedd  (1914),  of  the  Kentucky  Experiment  Station,  reported  increased 
tobacco  yields  due  to  its  influence  in  1914,  and  in  1919  very  marked 
influences  of  sulfur  on  alfalfa  yields  were  reported  by  Reimer  and  Tartar 
of  the  Oregon  Experiment  Station.  In  1941,  Tolman  and  Stoker,  of  the 
Bureau  of  Plant  Industry,  reported  increased  yields  of  sugar  beets  follow¬ 
ing  applications  of  sulfur. 


Many  soils  of  the  Pacific  Northwest  produce  higher  yields  of  crops 
when  sulfur-carrying  fertilizers  are  applied.  Alway  (1940)  has  reported  a 
similar  area  of  soils  in  Minnesota.  Cases  have  been  reported  where  the 
sulfur  hunger  of  legumes,  especially  alfalfa,  has  been  so  great  that  the 
application  of  sulfur  has  increased  the  yields  500  to  1000  per  cent,  and 
increases  of  50  to  500  per  cent  are  common.  The  sulfur-treated  alfalfa 
experimental  plats  at  the  Oregon  and  Washington  Experiment  Stations 
are  said  to  show  the  most  striking  response  to  fertilizer  ever  seen,  nitrogen 
fertilizers  not  excepted.  Harris  et  al.  (l945),  of  the  Florida  Experiment 
Station,  has  recently  reported  sulfur  to  be  deficient  on  three  soil  types  of 

Florida,  and  they  conclude  that  for  the  sandy  soils  of  Florida  sulfur  nutri¬ 
tion  merits  greater  consideration. 


Necessity  for  Applying  Sulfur 

peals  euZTy  f°r  USing  S,UlfUr  °r  SUlfur  COmP°unds  “  fertilizer  de¬ 
pends  upon  the  amount  and  availability  of  the  sulfur  in  the  soil  the 

amount  that  »  added  m  prectpitation  during  the  growing  season,’  and 
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upon  the  crop  requirements.  According  to  Erdman  and  Bollen  (1925)  the 
sulfur  content  of  the  surface  soils  of  the  United  States  varies  from  200  to 
3,000  pounds  per  acre. 

Crocker  (1923)  has  summarized  the  results  of  14  different  analyses  or 
groups  of  analyses  involving  395  soils  of  the  United  States  and  21  of 
England.  He  states  that  the  sulfur  content  of  the  soils  of  Oregon,  which  are 
generally  looked  upon  as  being  very  deficient  in  sulfur,  might  be  con¬ 
sidered  as  average,  being  surpassed  in  lowness  of  their  sulfur  content  by 
many  other  soils  of  the  United  States.  He  believes  that  sulfur  availability, 
which  involves  sulfofication  and  decomposition  of  organic  matter,  is  of 
more  importance  in  determining  yields  of  crops  than  the  total  amount  of 
sulfur  in  the  soil.  The  sulfur  content  of  most  soils  is  generally  less  than 
that  of  phosphorus. 

In  the  past  there  has  been  little  need  for  applying  sulfur  in  any  form  as 
a  fertilizer.  This  has  been  due  not  only  to  the  fact  that  soils  contain  organic 
matter  and  many  soils  catty  large  quantities  of  sulfur-containing  minerals 
but  also  to  the  fact  that  in  the  fertilizer-consuming  areas  of  the  United 
States  calcium  or  other  sulfates  have  been  unintentionally  applied  in  super¬ 
phosphate,  kainite,  and  other  materials.  .  f  , 

Table  83  gives  an  estimation,  according  to  Smalley  (1931),  °  1  ® 
quantities  of  sulfur  and  phosphorus  applied  to  the  soils  of  the  Unite 
States  in  1930  in  some  of  our  leading  fertilizer  materials.  .... 

'  It  should  be  mentioned,  however,  that  Maclntire  (1941)  found  in  h,s 


Table  83 


Sulfur  and 


Phosphorus  Supplied  in  Fertilizer  Materials  Used  in 
the  United  States  in  1930 


Material 

Sulfur 

Trioxide 

{tons) 

Phosphorus 

Pentoxide 

(tons) 

1,277,000 

788,000 

Superphosphate . 

11,000 

10,500 

Ammonium  phosphate . 

14,000 

Miscellaneous  organics 

374,000 

Ammonium  sulfate . 

41,000 

Potassium  sulfate . 

40,000 

Miscellaneous  potasn  salts . 

3,500 

Ammoniuni'^uaiv 

Totals . . . 

1,735,500 

823,500 
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lysimeter  studies  in  Tennessee,  that  in  humid  regions  rainfall  substantially 
affects  the  rate  of  removal  from  the  soil  of  ordinary  applications  of  sulfates. 

Use  of  Elemental  Sulfur 

Elemental  sulfur  is  employed  to  produce  acidity  in  the  soil,  to  reclaim 
alkaline  land,  and  as  a  fertilizer  for  crops,  particularly  the  legumes.  When 
elemental  sulfur  is  added  to  the  soil  it  readily  undergoes  a  change  to  the 
sulfate  form.  Lipman  (1911)  has  named  this  transformation  process  sulfofi- 
cation.  Sulfur  oxidation  may  be  brought  about  by  many  forms  of  soil 
microorganisms.  The  chemical  reactions  involved  are  probably  as  follows: 

S  +  h2o  +  02  =  h2so3 
H2S03  +  CaH2(C03)2  =  CaS03  +  2H20  +  2CO, 

2CaSOs  +  Q2  =  2CaS04 


Where  large  quantities  of  elemental  sulfur  are  applied  to  a  soil  deficient 
in  sufficient  lime  to  correct  the  resulting  acidity,  an  acid  condition  of  the 
soil  is  produced.  Potato  growers  of  the  middle  Atlantic  and  New  England 
states  have  taken  advantage  of  this  in  their  attempt  to  control  the  potato 
scab  {Actinomyces  scabies).  For  these  farmers  the  limiting  factor  for  high 
yields  of  marketable  potatoes  is  often  the  presence  of  scab.  As  scab  growth 
is  encouraged  by  alkalinity,  and  hindered  by  acidity,  the  application  of  free 
sulfur  helps  to  control  the  disease.  Martin  (1920),  of  the  New  Jersey 
Experiment  Station,  found  that  potato  scab  could  be  controlled  when 
sulfur  was  applied  at  the  rate  of  300  to  500  pounds  per  acre  when  the 
pH  of  the  soil  was  5.8  or  less,  and  700  to  1200  pounds  per  acre  when  it 
was  6.0  or  greater.  Martin  found  the  proper  soil  reaction  for  potatoes  to  be 
a  pH  value  between  5.0  and  5.4  but  the  calcium  content  of  the  soil  may  be 
more  important  than  the  pH  value.  Likewise,  the  control  of  root  rot  of 
bright  tobacco  has  been  obtained  at  a  pH  value  of  5.4.  Because  of  leaching 
the  acidity  of  leached  soils  will  gradually  decrease  so  that  further  applica¬ 
tions  must  be  made  in  the  following  years. 

FI  S^fff  a'S°  ^  U$ed  °n  the  bumt-°ver  peat  and  muck  soils  of 

to  mctet”  hePUrP°Se  ^  **  °f  ^  ““  and  in  this 

aops  qUatlt"y  manSanese  to  plants  of  succeeding 
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Fig. 


91.  Influence  of  sulfur  on  the  growth  of  alfalfa.  (Courtesy,  Oregon  Agri¬ 
cultural  Experiment  Station.) 


soil  for  more  than  2  or  3  inches  unless  the  soil  became  so  acid  that  no 
plant  growth  could  occur. 

Inoculated  Sulfur 

Inoculated  sulfur  consists  of  free  sulfur  to  which  has  been  added  small 
amounts  of  compost  that  contain  numerous  sulfur-oxidizing  organisms. 
It  has  been  shown  by  Lipman  and  his  coworkers  of  the  New  Jersey  Experi¬ 
ment  Station  that  sulfofication  takes  place  in  the  soil  more  rapidly  when 
inoculated  sulfur  is  added  than  when  the  uninoculated  sulfur  is  applied. 


Influence  of  Sulfur  on  Plant  Growth 

Pitz  (1915),  of  the  Wisconsin  Experiment  Station,  has  found  that 
sulfates  increase  nodular  development  in  alfalfa,  and  Miller  (1919)  has 
shown  the  same  to  occut  in  ted  clover.  Hart  and  Tottingham  (19  5),  and 
Reimer  and  Tartar  (1919)  have  repotted  that  sulfur  increases  root  eve  op- 
ment  In  fact,  Crocker  (1923)  thinks  that  the  increased  root  development 
that  is  often  observed  after  an  application  of  superphosphate  may  be  due 
in  nart  to  the  sulfur  added  as  calcium  sulfate.  It  appears  also  that  sulfur 
may  have  a  part  in  the  development  of  chlorophyll.  Both  the  Washington 
and  the  Virginia  Experiment  Stations  have  called  attention  to  the  deep 
green  color  of  alfalfa  which  was  grown  on  sulfur-treated  p 
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Table  84 


Influence  of  Sulfur  on  the  Yield  of  Alfalfa  When  Grown  on  Salem  Clay 

Loam,  Oregon* 


Treatment 

* 

Pounds  of 
Fertilizer 
Applied 
per  Plat 

Pounds  of 
Sulfur 
Applied 
per  Plat 

Yields  in  Pounds  per  Plat 
( plat  2X8  rods ) 

1915 

1916 

1917 

Totals 

Check . 

0 

0.0 

96 

114 

184 

394 

Gypsum . 

59.5 

10.0 

492 

752 

948 

2192 

Monocalcium  phosphate . 

41.0 

0.0 

178 

120 

228 

526 

Superphosphate . 

82.3 

10.0 

553 

768 

888 

2209 

Check . 

0 

0.0 

286 

388 

344 

1018 

Sulfur . 

10 

10.0 

435 

930 

952 

2317 

Sulfur . 

30 

30.0 

618 

1126 

1100 

2844 

Iron  sulfate . 

84.0 

10.0 

899 

1060 

1016 

2975 

Rock  phosphate . 

56.0 

10.0 

368 

306 

57  6 

1250 

Check . 

0 

0.0 

273 

296 

368 

937 

♦The  fertilizer  was  applied  to  2-year-old  alfalfa  March  8,  1915,  and  another  application  was  made 
March  27,  1917. 


tobacco  should  be  formulated  so  as  to  contain  a  minimum  quantity  of 
sulfur.  That  sulfur  is  used  by  plants  in  the  production  of  protein  is  shown 
by  the  work  of  Tottingham  (1918)  with  red  clover.  Skinner  (1941)  has 
reported  that  sulfur-deficient  tomato  plants  have  a  remarkable  capacity  for 
elongation  of  the  stem,  not  natural  in  a  healthy  plant. 


on  unlaLSa„7;regatedepVteep°lfat  Bi^Vh"  f3***?**  Alfalfa  planted 
Plat  C  in  the  background Tce!ved  ot  T?" t  ;  PH  °f  Soil  ^ 

per  acte;  pH  of  soil  7.8.  (Courtesy.  Orego'n  ^ 
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In  Table  84  are  given  the  results  secured  by  Reimer  and  Tartar  (1919), 
of  the  Oregon  Experiment  Station,  with  alfalfa  that  had  been  fertilized 
with  sulfur-carrying  fertilizers. 


World’s  Reserve  of  Native  Sulfur 


The  United  States  Geological  Survey  has  estimated  the  world's  reserve 
of  native  sulfur  to  be  between  56,000,000  and  121,000,000  metric  tons. 
Italy  alone  has  an  estimated  reserve  ranging  from  25,500,000  to  84,200,- 
000,  metric  tons.  In  the  United  States  the  Texas-Louisiana  field,  which  was 
discovered  in  1865,  is  said  to  contain  about  30,000,000  tons  of  sulfur  with¬ 
out  allowance  for  new  discoveries.  These  are  the  largest  known  sulfur  de¬ 
posits  in  the  world.  Chile  has  a  reserve  estimated  to  be  from  525,000  to 
1,750,000  metric  tons.  Japan  has  a  reserve  but  figures  as  to  their  extent  are 
not  available.  The  principal  known  sources  of  sulfur  in  the  world  today 
are  in  the  United  States,  Italy  and  Japan.  The  deposits  of  Texas,  Louisiana, 
Sicily,  Japan,  and  most  of  Spain  are  readily  accessible  to  cheap  water 
transportation.  The  United  States  leads  the  world  in  sulfur  production. 

Practically  all  of  the  sulfur  used  in  the  United  States  comes  from 
Louisiana  and  Texas.  These  deposits  occur  in  the  cap  rock  overlying  cer¬ 
tain  salt  domes  at  depths  ranging  from  500  to  1500  feet  below  the  surface. 
Although  about  200  of  these  domes  are  known,  only  a  few  are  now 
producing  commercial  sulfur. 


Use  of  Gypsum  as  a  Fertilizer 

Gvpsum  (CaS04.2H>0)  has  been  used  as  a  fertilizer  from  the  early 
Greek  and  Roman  periods,  and  it  was  used  extensively  in  Europe  a  cen- 
turv  and  a  half  ago.  Its  use  in  this  country  was  probably  introduc  y 
GeLan  immigrants,  for  in  the  early  days  it  was  extensively  employed  in 

PTet:rofngyp°um  and  anhydrite  (CaS04)  are  found  in  this  country  in 
the  northern  disScts  of  Ohio  along  the  lake  shore  and  in  the  northwestern 

approximately  the  same  chemical  compound  as  that Jc*me 

fade  of  superphosphate  when  suifuric  c  d  rs^addedjo^ 

phosphate  rock.  Gypsum  15  ^  ^Iry ‘soluble  in  water  and  does  not 
facture  of  Portland  cement.  It  is  not  very  so 
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readily  decompose  in  the  soil.  Cameron  and  Bell  (1906)  have  shown  that 
if  lime  is  applied  to  the  soil  at  the  same  time  as  gypsum  the  solubility  of 
the  gypsum  will  be  decreased. 

Ames  and  Blotz  (1916)  have  called  attention  to  the  20-year  average 
yields  of  crops  grown  on  the  soils  of  the  Wooster,  Ohio,  Experiment 
Station,  which  show  that  phosphorus  carriers  containing  gypsum,  such  as 
superphosphate  and  dissolved  bone  black,  produce  more  corn,  oats,  and 
wheat  per  acre  than  do  bonemeal  and  basic  slag.  They  think  it  probable 
the  gypsum  content  of  the  added  superphosphates  accounts  in  part  for 
the  increased  yields. 

Erdman  and  Bollen  (1925)  have  shown  that  on  some  Iowa  soils 
application  of  gypsum  increased  the  yields  of  oats,  red  clover,  and  espe¬ 
cially  alfalfa.  In  Table  85  are  given  the  results  secured  with  alfalfa  by  these 
investigators  on  O’Neill  sandy  loam. 


Table  85 

The  Effect  of  Gypsum  on  the  Yield  of  Alfalfa  Grown 
on  O’Neil  Sandy  Loam  in  Iowa 


Treatment 
{lbs.  per  Acre) 

First 

Crop 

{lbs.) 

Increase 

or 

Decrease 

{lbs.) 

100  lbs.  sulfur.  . 

5,400 

1,100 

500  lbs.  gypsum .  . 

5,100 

800 

300  lbs.  gypsum .  .  . 

5,100 

800 

Check . 

4,300 

150  lbs.  gypsum . 

5,400 

1,100 

50  lbs.  gypsum . 

5,600 

1,300 

Second 

Crop 

{lbs.) 

Increase 

or 

Decrease 

{lbs.) 

Total 

Yield 

{lbs.) 

Increase 

or 

Decrease 

{lbs.) 

1,700 

600 

7,100 

1,700 

1,350 

250 

6,450 

1,050 

1,450 

350 

6,550 

1,150 

1,100 

5,400 

950 

-150 

6,350 

950 

1,050 

-  50 

6,650  . 

1,250 

Willis  and  Rankin  (1930)  demonstrated  the  value  of  gypsum  in 
superphosphate  in  counteracting  the  toxic  free  ammonia  produced  in 

f^iTh  feSU  „°f;he  decomP°sition  organic  matter.  Willis  and  Piland 
(  931)  have  called  attention  to  the  practical  possibilities  of  gypsum  as  a 

supplement  to  all  fertilizers  or  other  soil  treatments  supply^  LI 

ammoma  to  soils  m  toxic  concentrations.  They  found  calcium  Llfate  to 

has  in0":  eCt'Ve  m  thlS  regard  than  caloum  carbonate  or  phosphate  It 
h  s  long  been  recognized  that  gypsum  and  other  calcium  salts  may  be  used 
advantageously  in  correcting  abnormal  nutrient  media  7  4 

ner  and  Beattie  (1917).  working  at  the  Arlington  Farm  of  the 
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United  States  Department  of  Agriculture,  concluded  that  calcium  sulfate 
had  no  power  to  correct  soil  acidity.  After  five  years  of  treatment  they 
found  the  lime  requirement  of  the  soil,  as  determined  by  the  Veitch 
method,  to  be  slightly  greater  in  those  plats  which  received  the  calcium 
sulfate. 

Gypsum  has  been  used  extensively  in  the  western  states  to  dealkalize 
Solenetz,  or  black  alkali,  soils.  It  will  react  with  black  alkali,  which  is 
largely  sodium  carbonate,  and  convert  it  into  white  alkali,  which  is  largely 
sodium  sulfate.  As  black  alkali  is  more  toxic  to  plant  growth,  it  is  advised 
that  the  application  of  gypsum,  lime  or  other  calcium  salts  be  made  before 
irrigation. 

Gypsum  is  sometimes  used  also  as  a  preservative  to  be  applied  to  farm 
manure.  Generally,  an  application  of  about  100  pounds  per  ton  of  manure 
is  recommended.  The  value  of  gypsum  as  a  preservative  is  supposed  to  be 
due  to  its  ability  to  convert  the  volatile  ammonium  carbonate  into  ammo¬ 
nium  sulfate.  Ammonium  carbonate  is  produced  in  manure  piles  as  an 
end-product  of  ammonification.  As  a  preservative  of  farm  manure  gypsum 
has  the  advantage  over  many  other  preservatives  in  that  it  is  safe  material 
to  use  where  livestock  are  allowed  to  tramp  over  the  manure  after  treat- 


FIG  93  Influence  of  gypsum  in  correcting  toxicity  arising  from  the  use  of  con¬ 
centrated  ^fertilizers.  Representative  cotton  plants  from  3  p  ats:  “'rated 

fertilizer  alone;  (2)  concentrated  fertilizer  with  20  pounds  o gypsum  pe  acre  3) 
concentrated  fertilizer  with  40  pounds  of  gypsum  per  acre.  (Courtesy, 
Carolina^  Agricultural  Experiment  Station  and  The  Feeder 
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ment.  So  far,  however,  the  efficacy  of  the  practice  has  not  been  satisfactorily 
determined. 


Influence  of  Gypsum  on  the  Solubility  of  Soil 

Constituents 

Advocates  of  "plastering  land’’  have  often  made  claims  as  to  the  influ¬ 
ence  of  gypsum  on  the  release  of  unavailable  plant  nutrients  for  plant 
absorption.  Scott  and  Roberston  (1926)  have  reported  that  the  use  of 
gypsum  in  Victoria,  Australia,  has  aided  in  the  liberation  of  potassium, 
phosphorus,  magnesium,  and  silicon.  They  reported  also  that  the  rate 
of  ammonification  was  increased  and  that  the  finer  soil  particles  were 
flocculated  following  its  use.  Likewise,  Andre  (1913)  has  reported  that 
the  solubility  of  potash  in  microline  is  greatly  increased  in  the  presence  of 
calcium  carbonate  and  gypsum.  On  the  other  hand,  Briggs  and  Breazeale 
(1927)  were  unable  to  show  that  either  lime  or  gypsum  had  any  power  to 
increase  the  availability  of  potash  in  soils  derived  from  orthoclase-bearing 
rocks.  In  fact,  they  found  that  in  some  cases  there  was  a  marked  depres¬ 
sion  of  the  solubility  of  the  potash  in  the  presence  of  gypsum.  Likewise, 
it  has  been  reported  that  large  applications  of  gypsum  applied  annually  for 
40  years  at  the  Pennsylvania  State  Agricultural  College  have  exhibited  no 
tendency  to  increase  the  solubility  of  the  soil  constituents. 


How  Gypsum  Should  Be  Applied 


When  an  application  of  gypsum  is  to  be  made  it  is  best  to  apply  it  in 
such  a  manner  that  it  becomes  thoroughly  mixed  with  the  soil.  Broad¬ 
casting  the  gypsum,  and  then  harrowing  it  into  the  soil  before  the  planting 
of  crops,  is  probably  the  most  satisfactory  manner  of  application.  The 
most  commonly  recommended  application  is  200  pounds  per  acre  but  500 
pounds  is  sometimes  advised.  Peanut  growers  of  the  Southeast  commonly 
apply  400  to  500  pounds  of  gypsum  directly  to  the  vines  at  blossoming 
time,  in  order  to  increase  the  soluble  calcium  content  of  the  soil  around 
the  peanut  pegs  and  thus  insure  a  low  percentage  of  pops.  Caldwell  and 
Brody  (1945),  at  the  North  Carolina  Experiment  Station,  found  that  the 
use  of  gypsum  increased  the  average  weight  of  peanut  kernels. 

Gypsum  as  a  Source  of  Sulfuric  Acid 


Sulfur, c  acid  ,s  produced  as  a  by-product  of  various  smelting  opera- 

T  u  greatef  Pa"  °f  the  World's  P^Juction  is  manufactured  from 
sulfur,  brimstone,  and  pyrites.  At  the  present  time,  however,  gypsum  is 
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being  substituted  to  a  limited  extent  for  brimstone  in  the  manufacture  of 
sulfuric  acid  in  Germany  and  in  England. 


World’s  Reserve  of  Pyrites 


Pyrite  ores,  which  include  pyrite,  marcasite,  and  pyrrhotite  are  sold  in 
large  quantities  in  the  world  markets  to  be  manufactured  into  sulfuric 
acid.  The  world’s  reserve  of  pyrites,  as  estimated  by  the  International 
Geological  Congress,  ranges  from  465,000,000  to  907,000,000  metric 
tons.  The  sulfur  content  of  pyrites  normally  ranges  between  40  and  50 
per  cent.  Spain  has  the  most  extensive  reserve;  it  has  been  estimated  to  be 
132,000,000  to  264,000,000  metric  tons.  Russian  reserves  rank  second 
and  have  been  estimated  at  17,300,000  to  62,000,000  tons.  Other  deposits 
of  considerable  size  are  found  in  Germany,  Portugal,  Italy,  Sweden,  and 
France.  Many  deposits  are  found  scattered  over  the  United  States. 

The  largest  body  of  pryites  located  in  the  Eastern  part  of  the  United 
States  is  in  Virginia.  At  one  time  this  deposit  produced  200,000  tons  of  ore 
a  year.  The  use  of  pyrites  by  sulfuric  acid  manufacturers  is  rapidly  being 
replaced  by  the  use  of  brimstone. 


Calcium  an  Element  Essential  for  Plant  Growth 

S 

It  cannot  be  said  definitely  just  what  essential  function,  or  functions, 
calcium  performs  within  the  plant.  It  is  generally  believed  that  calcium 
has  an  influence  on  the  translocation  of  the  carbohydrates.  Plants  suffer¬ 
ing  from  a  deficiency  of  calcium  often  show  poor  development  and  drying 
of  feeding  roots,  and  in  many  cases  a  deficiency  of  calcium  results  in  the 
death  of  the  terminal  bud.  Calcium  appears  to  be  essential  for  the  con¬ 
struction  of  healthy  cell  walls,  and  there  is  evidence  that  it  assists  in 
collaboration  with  potassium,  magnesium,  and  possibly  boron  in  neutra  - 
izine  organic  acids  and  maintaining  a  delicate  physiological  balance  with¬ 
in  the  pfant.  In  many  vegetable  crops  a  lack  of  calcium  results  m  retarded 
vegetative  growth  and  the  production  of  thick,  woody  stems.  Roots  of 
calcium-deficient  trees  are  often  short  and  stubby.  Certainly  calcium 
is  one  of  the  most  important  elements  insofar  as  crop  ^ 

concerned.  Albrecht  (1943)  has  pointed  out  that  calcium  and  po  ass, urn 
are  seemingly  reciprocals  in  plant  compos, t, on,  calcium  suppo 
proteinaceous  and  potassium  the  carbonaceous  properties-  l 
Ln  observation  that  an  application  of  a  calcium  salt  w'l  often  great 
help  plants  suffering  from  abnormal  nutrition.  As  pom c  d  ou r  y 
McMurtrey  (1938)  a  chief  function  of  calcium  appears  to  be  y 
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antagonize  other  ions.  There  seems  to  be  little  or  no  transfer  of  calcium 
from  older  plant  tissues  to  the  growing  points.  Young  plants  suffering 
from  calcium  deficiency  readily  succumb  to  winter-killing  and  summer 
drouth  when  grown  on  acid  soils.  Although  calcium-deficiency  symptoms 
can  be  produced  in  controlled  cultures  they  are  rarely  seen  and  recognized 
under  field  conditions. 


Fig.  94.  Influence  of  calcium  on  the  growth  of  tobacco. 
{Left)  Plat  receiving  no  calcium.  (Right)  Plat  receiving 
calcium.  (Courtesy,  Dr.  W.  W.  Garner.) 


The  quantity  of  calcium  present  in  the  average  soil  is  so  large  that 
rarely  except  in  highly  leached  soils  do  we  find  a  soil  that  does  not  contain 
a  sufficient  amount  to  supply  the  nutritional  needs  of  ordinary  yields  of 
nonleguminous  plants,  although  the  supply  is  often  insufficient  for  the 
legumes.  Legumes  generally  remove  from  the  soil. larger  quantities  of 
calcium  than  do  the  nonleguminous  plants.  A  crop  of  the  commonly 
grown  nonleguminous  plants  seldom  takes  from  the  soil  over  25  pounds 
of  calcium,  whereas  a  crop  of  legumes  often  removes  100  pounds  or  more. 
Calcium  is  usually  found  in  the  soil  as  the  carbonate,  phosphate,  sulfate, 
or  silicate,  but  the  silicate  is  the  most  widely  distributed.  Russell  (1932) 
has  presented  data  which  show  that  the  amount  of  calcium  in  the  soil 
influences  the  total  amount  of  calcium  absorbed  by  plants.  As  .plant  leaves 
mature,  calcium,  unlike  phosphorus  and  nitrogen,  is  not  translocated  to 
the  stem  or  seed  but  remains  in  the  leaf.  If  present  in  the  seed  it  would 

demobilize  phosphorus.  The  amount  of  calcium  in  a  plant  reaches  its 
maximum  at  maturity. 


Forms  in  Which  Calcium  May  Be  Applied  to  the  Soil 

Calcium  compounds  are  commonly  applied  to  the  soil  as  constituents 
of  fertilizing  materials  or  soil  amendments.  Calcium  is  most  commonly 
applied  in  the  form  of  agricultural  lime.  The  term  agricultural  lime  is 
used  indiscriminately  to  include  a  great  variety  of  materials  which  are 
usually  composed  of  either  the  oxide,  hydroxide,  or  carbonate  of  calcium. 
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Fig.  95.  Limestone  plant  of  the  American  Limestone  Company,  Knoxville, 
Tennessee.  (Courtesy,  American  Limestone  Company.) 


or  calcium  and  magnesium.  The  most  commonly  used  forms  of  agricul¬ 
tural  lime  are  ground  limestone,  hydrated  lime,  marl,  burnt  lime,  and 
oyster  shells.  Materials  like  limestone,  shell,  and  marl  should  be  ground  * 
to  such  a  fineness  that  about  60  per  cent  of  the  material  will  pass  through 
a  100-mesh  sieve.  Finer  grinding  will  make  the  material  more  soluble  but 
this  generally  is  not  necessary.  Maclntire,  Sanders,  and  Shaw  (1933)  found 
that  limestone  of  100-  to  200-mesh  fineness  was  equal  in  its  influence  on 


nitrification  to  an  equivalent  of  hydrated  lime. 

Calcium  is  most  commonly  applied  to  the  soil  in  the  form  of  pulverized 
limestone,  either  calcitic  or  dolomitic,  but  usually  dolomitic.  It  is  often 
applied,  especially  in  the  New  England  States,  as  burnt  or  hydrated  lime. 
Calcium  is  applied  also  in  such  fertilizer  materials  as  superphosphates, 
gypsum,  calcium  cyanamide,  and  calcium  nitrate.  Calcium  silicate  is  now 
available  in  some  states  and  may  be  used  as  a  carrier  of  calcium  when  a 
change  in  the  pH  of  the  soil  is  not  desired.  A  substantia  quantity  of  a 
relatively  new  type  of  quenched  slag  is  now  becoming  available  from  rock 
phosphate  reduction  furnaces.  This  by-product  is  made  up  largely  of 
calcium  silicate  and  contains  most  of  the  component  elements  of  phos- 
Dhate  rock  except  the  volatilized  phosphorus  together  with  the  added 

£•  si  ZL*  ..i  r- "f  «■“ ‘rs: 

Station  Maclntire  (1940,  1943)  concludes,  that  a  2-  to  3-ton  Cat. 

source  of  calcium  for  pasture  plants. 
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Fig.  96.  Quenching  a  flow  of  calcium  silicate  slag  showing  the  dispersal 
resu  tant  from  impingement  of  the  8  jets  of  water  against  the  underside  of  the  arc 
of  the  slag  as  it  drops  from  the  trough.  (Courtesy,  Dr.  W.  H.  Maclntire,  the 
Tennessee  Agricultural  Experiment  Station,  and  the  Tennessee  Valley  Authority.) 

Because  the  soils  of  the  southern  and  southeastern  states  are  inade¬ 
quately  buffered  against  acidity,  many  fertilizer  specialists  are  now  advising 
that  fertilizer  mixtures  which  are  to  be  used  upon  these  soils  should  con¬ 
tain  enough  liming  material  to  correct  the  acidity  effects  of  the  ammoniacal 
or  organic  forms  of  fertilizer  nitrogen  usually  used  in  the  mixtures. 

Use  of  Lime  as  a  Soil  Amendment 


us  J200  mwn10"  °f  kT  is  an  °ld  practice-  According  to  Pliny,  lime  was 

(1794  1865)  w  yea\  M  r\Chr  The  Virgi™a  farmer>  Edmund 

5),  was  probably  the  first  man  in  this  country  to  recognize  the 
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Fig.  97.  Red  clover  growing  on  Fullerton  silt  loam  that  has  been  slagged  with 
4  tons  of  quenched  calcium  silicate  slag  from  Wilson  Dam.  In  addition,  the  soil 
has  been  fertilized  with  200  pounds  of  K20  and  80  pounds  of  P2Oo  per  acre.  The 
source  of  the  P2Os  was  varied  as  follows:  Pot  518,  no  phosphate;  pot  520,  cos¬ 
centrated  superphosphate;  pot  522,  dicalcium  phosphate;  pot  524,  fused  tncalcium 
phosphate;  pot  526,  calcium  metaphosphate;  pot  528,  potassium  metaphosp  ate. 
An  uniformity  of  response  is  to  be  noted  from  the  different  types  of  phosphates. 
(Courtesy,  Dr.  W.  H.  Maclntire  and  the  Tennessee  Agricultural  Experiment 

Station.) 


general  prevalence  of  soil  acidity.  He  conducted  field  tests  with  lime  and 
wrote  a  treatise  on  calcareous  manures.  Ruffin  has  been  called  the  at  er 


of  soil  chemistry  in  America. 

The  major  purposes  of  applying  liming  materials  to  the  soil  are  to 
neutralize  acids,  to  precipitate  soluble  compounds  that  are  toxic  to  p  ant 
growth,  and  to  introduce  calcium  into  the  soil  colloidal  complex,  o 


98.  Influence  of  lime  on  the  ° UnTmfd00^^)  1500  pounds  of 

a  Sandhill  Experiment  Station.  &/)  ^  Carolina  Agricultural 

dolomitic  limestone  per  acre.  (Courtesy,  sou 

nent  Station.) 
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these  reasons  liming  materials  are  generally  classed  as  soil  amendments  and 
not  as  fertilizers.  Nevertheless,  liming  materials  should  be  looked  upon  as 
fertilizers  when  applied  to  soils  that  are  low  in  their  calcium  content. 

Some  agronomists  feel  that  the  development  of  a  system  of  permanent 
agriculture  in  a  community  should  not  be  attempted  unless  the  farmers  of 
the  community  are  willing  and  able  to  make  the  necessary  applications  of 
lime  required  to  produce  conditions  favorable  for  plant  growth.  Initial 
applications  of  from  1  to  5  tons  of  ground  limestone  per  acre  appear  to  be 
necessary  on  tens  of  thousands  of  acres  in  our  Eastern  states.  The  quantity 
of  limestone  to  be  applied  as  an  initial  application  depends  upon  the 
acidity  of  the  soil,  the  buffer  capacity  of  the  soil,  and  the  crop  or  crops  to 
be  grown.  The  amount  generally  considered  necessary  to  maintain 
a  favorable  soil  reaction  is  from  2,000  to  4,000  pounds  of  ground  lime¬ 
stone,  or  its  equivalent,  per  acre,  once  in  a  rotation  cycle  or  from  400 
to  600  pounds  per  acre  in  the  drill  row  when  crops  are  planted.  This  rate 
of  application  has  been  found  sufficient  for  most  crops  except  where  the 
soil  is  very  acid  or  where  the  promise  of  increased  crop  yields  is  exception¬ 
ally  good.  If  it  were  not  for  the  excessive  leaching  to  which  calcium  is 
subjected  in  most  soils  of  humid  regions,  smaller  applications  made  at 
longer  intervals  would  suffice.  As  stated  above  the  rate  of  application 
should  be  based  upon  the  pH  of  the  soil  that  is  to  be  limed  and  the  crop 
that  is  to  be  grown.  In  addition,  seasonal  variations  in  pH,  which  in  excep¬ 
tional  cases  have  been  shown  by  Hester  and  Shelton  (1933)  to  be  as  much 
as  2.0  pH,  must  be  taken  into  consideration.  Under  usual  soil  conditions 
about  1  ton  of  limestone  per  acre  is  required  to  change  the  soil  reaction  1 
pH  in  a  strongly  acid  sandy  loam,  and  about  1.5  tons  in  a  heavy  loam. 

There  is  much  evidence  to  indicate  that  on  sandy  soils  which  are  low 
in  their  content  of  magnesium,  manganese,  zinc,  and  iron,  quantities  of 
hme  smaller  than  those  generally  considered  necessary  should  be  used. 

xcessive  quantities  of  lime  will  bring  about  the  conversion  of  manganese, 
zinc  boron,  and  iron  into  unavailable  forms.  Pierre  and  Browning  (1935) 
concluded  that  the  temporary  overliming  injury  noted  in  West  Virginia 

Zh^T  '°  V  dlStUlbef  ,ph°SPhate  nutrition-  Cooper  (1930)  thinks 
that  heavy  apphcattons  of  hme  may  result  in  the  formation  of  the  hydrox 

tdes  of  magnesium,  manganese,  and  iron.  As  these  hydroxides  are  of  low 

solubility,  they  are  thus  rendered  less  available  for  plants.  Albrecht  (1946) 

calc,u7OS  I  1  ,  C°?CePt  tHat  SinC£  the  SatUrati°n  of  the  soil  day  with 
calcium  would  displace  other  essential  elements  the  greatest  benefit 

might  be  derived  from  small  applications  of  lime,  or  from  the  application 
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of  the  less  soluble  forms,  or  from  the  application  of  the  granular  form  of 
soluble  materials. 

Ten  years’  resulrs  from  the  Cornell  University  lysimeters,  secured  by 
Bizzell  and  Lyon  (1927),  show  an  average  annual  loss  of  calcium  carbonate 
per  acre  equivalent  to  995  pounds  from  bare  soil,  and  535  pounds  from 
plats  that  grew  crops  and  where  a  rotation  including  legumes  was  followed. 
In  the  North  Central  States  the  annual  loss  of  lime  probably  ranges  be¬ 
tween  100  and  500  pounds,  so  that  an  application  of  2  tons  of  limestone 
should  take  care  of  this  loss  for  a  period  of  from  8  to  20  years. 

Changes  that  Lime  Undergoes  in  the  Soil 

Burnt  and  hydrated  limes  are  converted  largely  into  the  carbonate  form 
within  a  short  time  after  they  are  incorporated  in  the  soil.  As  the  carbonate 
is  insoluble  in  water  it  must  be  converted  into  the  bicarbonate,  or  into  some 
other  soluble  calcium  salt,  before  it  can  be  leached  from  the  soil  or  before 
it  can  become  available  for  plant  use.  These  changes  readily  take  place  and 
in  all  probability  have  resulted  in  more  calcium  than  sodium  being  carried 
to  the  ocean  in  river  water.  The  following  equations  may  parallel  the  com¬ 
plex  changes  through  which  burnt  lime  passes  in  the  soil  in  its  conversion 
to  the  soluble  bicarbonate  form.  The  number  of  reactions  involved  will 
depend  upon  the  form  of  lime  that  is  added  to  the  soil. 

CaO  +  HoO  =  Ca(OH)2 
Ca(OH)2  +  C02  =  CaCOs  +  H20 
CaC03  T-  H0CO3  =  CaH2(C03)2 


or  fS  a 

Sized  plat.  (Courtesy,  West  Virginia  Expertment  Stat.on.) 


Methods  Employed  in  the  Application  of  Lime 


291 


Fig.  100.  Cylinders  for  soil  investigations  installed  at  New  Jersey  Agricultural 
Experiment  Station  in  1898.  Crop  and  Fertilizer  records  have  been  kept  to  date. 
Series  A  shows  crop  growth  when  lime  was  omitted  during  last  20  years.  Series  B 
was  limed  throughout.  Both  series  received  identical  annual  fertilizer  applications 
from  the  beginning.  (Courtesy,  New  Jersey  Agricultural  Experiment  Station.) 


The  rate  of  solubility  of  dolomite  is  only  about  50  per  cent  as  rapid  as 
that  of  calcite. 


Methods  Employed  in  the  Application  of  Lime 

Liming  materials  are  generally  broadcast  and  then  worked  into  the  soil. 
Unless  they  are  mixed  well  with  the  soil  their  efficiency  in  correcting 
acidity  may  be  very  low.  Lime  is  effective  only  in  correcting  soil  acidity  in 
that  portion  of  the  soil  in  the  immediate  vicinity  of  the  lime  particle.  This 
fact  has  been  substantiated  by  Weidemann  (1936)  and  others.  Blair  and 
Prince  (1934),  however,  found  that  the  application  of  limestone  at  the  rate 
of  2,000  to  4,000  pounds  per  acre  at  5-year  intervals  had,  after  25  years 
changed  the  reaction  of  the  subsoil  (6%- 13  inches)  of  Sassafras  loam  to 
about  the  same  degree  that  it  changed  the  reaction  of  the  surface  soil.  The 
mechanical  downward  movement  of  the  limestone  through  the  porous 
Sassafras  loam  might  account  for  these  results.  Nevertheless,  agronomists 
usually  recommend  that  lime  be  thoroughly  mixed  with  the  soil.  It  is  most 
successfully  applied  with  a  lime  distributor. 

It  is  often  desirable  to  apply  lime  to  pastures  for  the  purpose  of  en¬ 
couraging  the  growth  of  clovers  and  the  most  palatable  and  nutritious 
pasture  grasses  Where  possible,  the  lime  should  be  broadcast  on  pastures 
dunng  the  late  fall  in  order  that  the  alternate  freezing  and  thawing  during 
the  winter  months  will  tend  to  work  it  into  the  soil  Scarification  of  nas 
tures  following  an  application  of  lime  should  give  quicker  results,  and  is 
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to  be  advocated  in  those  instances  where  the  grass  can  be  scarified  without 
material  injury  and  where  erosion  will  not  be  increased. 

Generally,  when  applications  of  lime  are  made  to  field  crops  they  are 
commonly  applied  in  such  large  quantities  that  it  has  become  the  custom 
to  apply  them  separately  and  at  a  different  time  than  when  applications  of 
commercial  fertilizers  are  made.  Small  amounts  of  dolomitic  limestone  in 
the  place  of  filler  are  commonly  used  now  in  fertilizer  mixtures  for  the 
purpose  of  producing  a  nonacid-forming  mixture,  as  well  as  for  the  pur¬ 
pose  of  supplementing  the  mixture  with  calcium  and  magnesium.  This 

practice  is  to  be  recommended.  Parker 
(1932)  estimates  that  the  addition  <5f  5 
pounds  of  limestone  per  pound  of  nitro¬ 
gen  derived  from  ammonium  sulfate  or 
chloride,  and  2.5  pounds  of  limestone 
per  pound  of  nitrogen  derived  from  free 
ammonia,  urea,  or  ammonium  nitrate 
will  produce  a  nonacid-forming  fertilizer. 
Bartholomew  (1933)  was  able  to  find  no 
serious  decrease  in  the  availability  of 
soluble  phosphorus  when  agricultural 
lime  was  added  with  superphosphate  to 
an  acid  soil. 

It  appears  that  when  light  to  medium 
applications  of  lime  are  made  to  an  acid 
soil  the  processes  of  nitrification  are 
hastened.  Inasmuch  as  biological  activi¬ 
ties  are  stimulated,  the  immediate  need 
for  fertilizers  is  often  reduced  since  nitro- 


Fig.  101.  Tobacco  plant 
showing  symptoms  of  calcium 
deficiency.  (Courtesy,  Dr.  W.  W. 
Garner.) 


gen 


and  mineral  nutrients  may  be  released  from  organic  matter  and 
minerals  as  a  result  of  these  activities.  The  nitric  acid  produced 
as  a  result  of  nitrification  is  one  of  the  most  potent  agents  in  making 
available  the  unavailable  mineral  plant  nutrients  in  the  soil.  On  the  other 
hand  heavy  applications  of  lime  may  result  in  a  potash  deficiency  tot 
succeeding  crops.  Apparently,  the  intake  of  potassium  may  be  insufficient 
for  normal  plant  growth  if  the  available  calcium  and  magnesium  is  dis- 
proportionately  high.  Maclntire  and  Sanders  (1930)  have  reported  tl  at 
lime  will  fix  the  potassium  in  the  soil  in  a  nonreplaceable  state,  and  Mac- 
Intire  et  al.  (1936)  concluded  after  a  12-year  test  that  all  forms  of  lime 
repressed  the  out-go  of  potassium  from  the  soil  in  drainage  water.  Lagatu 


Nitrogen  de¬ 

ficiency  in  blue- 

berries.  A 

healthy  leaf  is 

shown  at  the  left 

in  contrast  with 

three  leaves 

showing  various 

stages  of  nitro¬ 

gen  starvation. 

(Courtesy,  J.  B. 

Hester  and  the 

fpj| 

Chilean  Nitrate 

Educational  Bu¬ 
reau,  Inc.) 

Calcium  de¬ 
ficiency  in  cau- 
1  iflower.  The 
leaves  gradually 
lose  their  dark 
green  color  and 
turn  yellow  be¬ 
ginning  first 
around  the  mar¬ 
gins.  (Courtesy, 
Chilean  Nitrate 
Educational  Bu¬ 
reau,  Inc.) 


Magnesium 
deficiency  in  cot¬ 
ton.  These  leaves 
show  various 
stages  of  the  de- 
ficiency,  the 
bright  leaves  and 
yellow  pattern 
being  the  latter 
phase.  (Cour¬ 
tesy,  Chilean  Ni¬ 
trate  Educational 
Bureau,  Inc.) 


Crop  Response  to  Liming 
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Fig.  102.  Influence  of  limestone  on  the  growtli  of  sweet  clover.  {Left)  6  tons  of 
limestone  per  acre.  {Right)  No  limestone.  (Courtesy,  Ohio  Agricultural  Experiment 
Station.) 


and  Maume  (1928)  found  that  plants  grown  on  limed  soil  contain  less 
potassium  than  those  receiving  the  same  amount  of  potassium  and  grown 
on  unlimed  soil.  Following  heavy  applications  of  lime,  rust  in  cotton  and 
similar  manifestations  of  potash  deficiency  in  other  plants  are  commonly 
seen  in  crops  grown  on  the  gray  soils  of  the  Southeast. 


Crop  Response  to  Liming 

Plant  response  to  lime  depends  upon  a  number  of  factors.  The  legumes 
in  general  respond  to  liming  to  a  greater  extent  than  do  the  nonlegumi- 
nous  plants.  Recent  studies  have  shown  that  the  fixation  of  nitrogen  from 
the  atmosphere  by  legume  bacteria  is  much  more  effective  where  high 
levels  of  available  calcium  are  present.  The  legumes  are  known  to  be  able 
to  precipitate  calcium  within  the  plant  as  the  oxalate,  and  may  in  this  way 
accumulate  within  their  bodies  large  quantities  of  calcium.  Of  the  legumes 
commonly  grown  on  the  acid  soils  of  Eastern  America  red  and  Dutch 
clover  and  alfalfa  appear  to  respond  to  lime  most  markedly.  Garden 
and  field  peas  and  soybeans  respond  to  liming,  but  not  to  the  extent  ob¬ 
served  with  red  or  Dutch  clover.  Likewise,  cowpeas,  vetch,  Austrian 
winter  peas,  and  lespedeza  appear  to  be  benefited  to  a  degree  by  lime 
Davis  and  Brewer  (1940),  working  in  Louisiana,  found  that  liming  in¬ 
creased  the  calcium,  phosphorus,  and  nitrogen  content  of  both  Austrian 
winter  peas  and  common  vetch.  On  the  other  hand,  serradella  and  the 
lupines  may  be  injured  by  liming.  Contrary  to  the  belief  of  many  all 
legumes  do  not  respond  favorably  to  lime 
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The  reported  experimental  evidence  of  response  among  the  non- 
leguminous  plants  is  confusing.  This  is  to  be  expected  when  we  consider 
the  wide  range  of  soil  and  climatic  conditions  under  which  many  of  our 
lime  experiments  have  been  conducted.  Asparagus,  barley,  corn,  Kentucky 
blue  grass,  oats,  sorghum,  timbthy,  and  wheat  appear  to  be  benefited  by 
liming.  Irish  potatoes,  redtop,  and  strawberries  appear  to  be  little  influ¬ 
enced,  while  watermelons  and  blueberries  may  be  markedly  injured  by 
liming.  The  response  of  cotton  to  lime  is  much  greater  than  formerly 
thought.  Data  reported  by  Paden  (1942)  and  given  in  Table  86  suggest 
that  liming  of  most  cotton  soils  would  be  a  beneficial  practice. 


Table  86 

Yields  of  Seed  Cotton,  Oats,  and  Lespedeza  Hay  Sown 
on  Cecil  Sandy  Loam  at  Varying  pH  Levels 


pH 

Value 

Seed  Cotton, 
lbs.  per  Acre 
Average  {5  yrs.) 

Oats, 

bushels  per  Acre 

( i  yr ■) 

Lespedeza  Hay, 
lbs.  per  Acre 
(1  yr.) 

5.0 

1093 

46.2 

2119 

5.5 

1263 

49.9 

2524 

6.0 

1346 

49.0 

3115 

6.5 

1382 

46 . 6 

3273 

Magnesium  an  Element  Essential  for  Plant  Growth 

Magnesium  deficiency  has  affected  a  larger  area  of  the  United  States 
than  any  other  secondary  essential  element.  This  may  be  explained  in  part 
by  the  fact  that  superphosphace-a  carrier  of  calcium-and  ammonrum 
sulfate — a  carrier  of  sulfur-have  been  used  so  extensively  m  former  years 
that  crop  needs  for  calcium  and  sulfur  have  been  largely  taken  care  o  . 

The  essential  functions  which  magnesium  performs  within  the  p  an 
are  not  definitely  known.  At  one  time  magnesium  was  thought  to  play 

attention  to  the  fact  that  magnesium  -n  connection  with  such 

phospta'e- As  plant  leaves 


, 


Boron  defici¬ 
ency  in  beets. 
The  black  corky 
scars  on  the  sur¬ 
face  of  the  beet 
are  symptoms 
of  the  disease. 
When  cut  across, 
the  beet  is  corky 
and  blackened 
around  the 
growth  rings. 
(Courtesy,  Chil¬ 
ean  Educational 
Bureau,  Inc.) 


Boron  defici¬ 
ency  in  tobacco. 
The  terminal  or 
growing  bud  be¬ 
comes  dwarfed. 
(Courtesy,  Chil¬ 
ean  Nitrate  Edu¬ 
cational  Bureau, 
Inc.) 


Manganese 
deficiency  in  soy¬ 
beans.  The  yel¬ 
low  area  in  the 
middle  of  the 
field  was  found 
deficient  in  man¬ 
ganese.  (Cour¬ 
tesy,  L.  G.  Willis 
and  the  Chilean 
Nitrate  Educa¬ 
tional  Bureau, 
Inc.) 


*  i 


Magnesium  Content  oj  Soils 
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Fig.  103.  Magnesium  content  of  drainage  waters  of  U.S.  (Courtesy,  S.  B.  Detwiler  " 
Soil  Conservation  Service,  and  American  Hortigraphs  and  Agronomic  Review.) 


mature  the  magnesium  is  translocated  to  the  seed  and  magnesium-defi¬ 
ciency  symptoms  may  appear  unless  sufficient  magnesium  is  present  in  the 
soil.  In  some  of  the  vegetable  crops  only  the  lower  leaves  become  chlorotic. 
Davidson  (1941)  has  reported  that  magnesium  deficiency  greatly  reduces 
the  resistance  of  seedling  fruit  trees  to  winter  injury  and  produces  in 
strawberries  abnormally  thin  leaves  of  a  bright  green  color.  Analyses  of 
the  ash  of  most  plants  will  show  a  magnesium  oxide  content  of  about  5  to 
10  per  cent.  The  average  yield  of  most  field  crops  removes  from  the  soil 
at  least  10  pounds  of  magnesium  per  acre. 

Bartholomew  (1933)  has  secured  evidence  which  indicates  that  soluble 
magnesium  salts  increase  the  absorption  of  phosphorus.  Magnesium  also 
may  play  a  patt  in  allowing  the  translocation  of  phosphorus  in  plants. 
Cooper  (1930)  calls  attention  to  the  fact  that  when  the  soil  colloids  are 
relatively  high  in  H-  10ns  and  Mg-  ions,  conditions  are  often  favorable  for 
the  dominance  of  resinous  plants,  such  as  coniferous  and  gum  trees. 

Magnesium  Content  of  Soils 


Magnesium  is  a  constituent  of  some  of  the  most  common  soil-forming 
minerals  such  as  biotite  mica,  augite,  olivine,  serpentine,  talc,  and 
chlorite.  It  is  also  found  as  an  impurity  in  all  limestone,  and  in  the  potash 
minerals  carnallite  and  kieserite.  Many  soils  contain  sufficient  magnesium 
O  supply  the  normal  demands  of  field  crops,  but  in  the  Coastal  Plain  sec 

°f  TKrn  S°Uth  Cafolina  and  other  southeastern  states  and  in  the 
gray  sandy  ateas  of  the  Piedmont  Plateau  section,  many  soils  are  so  deft 
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dent  in  magnesium  that  the  symptoms  of  magnesium  deficiency  are  com¬ 
mon  in  many  crops,  and  fertilizers  containing  magnesium  should  be 
applied.  As  early  as  1859  Thomas  Green  Clemson  wrote  of  magnesium: 
"Its  presence  in  the  soil  is  a  requisite  to  fertility  and  its  addition  of  manifest 
necessity  wherever  it  may  be  wanting." 

Willis,  Piland  and  Gay  (1934)  have  shown  that  applications  of  non¬ 
magnesium  lime  to  soils  low  in  magnesium  invariably  accentuated  the 
magnesium  deficiency.  In  such  cases  a  dolomitic  limestone  is  to  be  pre¬ 
ferred  to  a  calcitic  limestone. 


Fertilizers  and  Amendments  that  Carry  Magnesium 

Magnesium  may  be  applied  to  the  soil  in  a  number  ol  materials.  The 
principal  ones  commonly  used  are:  dolomitic  limestone  (limestone  with  20 
per  cent  or  more  of  magnesium  carbonate),  potassium  magnesium  sulfate, 
magnesium  limestone,  magnesium  sulfate,  and  magnesite  together  with  its 
by-products  magnesium  oxide  and  hydroxide.  Manure  salts  and  kainite 

also  sometimes  carry  magnesium  salts. 

The  mineral  magnesite  is  a  carbonate  of  magnesium  and  the  largest 


FIG.  104.  Tomato  plants  that  we« '  om utadS*ed- («g*» 

when  8  inches  high,  to  one  having  one  o  the  no  phosphorus,  no 

New  Jersey  Agricultural 

ment  Station.) 


Manganese 
deficiency  in  pea¬ 
nuts.  Note  the 
dabs  of  yellow¬ 
ish-white  at  the 
tips  of  the  leaves 
(Courtesy,  Chil¬ 
ean  Nitrate  Edu¬ 
cational  Bureau, 
Inc.) 


Iron  deficiency 
in  citrus.  In  se¬ 
vere  cases  the 
leaves  are  quite 
small,  yellow, 
and  are  quickly 
shed.  (Courtesy, 
Chilean  Nitrate 
Educational  Bu¬ 
reau,  Inc.) 


Copper  defi¬ 
ciency  in  citrus. 
A  section  of  a 
healthy  orange 
(right)  is  shown 
in  comparison 
with  one  suffer¬ 
ing  from  copper 
deficiency.  The 
diseased  fruit  is 
dry  and  pulpy. 
(Courtesy,  Chil¬ 
ean  Nitrate  Edu¬ 
cational  Bureau, 
Inc.) 


: 
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Calcium -magnesium  Ratio  in  Soils  and  Plants 


deposits  in  this  country  are  found  in  California.  The  mineral  dolomite  is  a 
double  carbonate  of  calcium  and  magnesium.  Deposits  of  dolomite  are 
widely  distributed  in  the  United  States,  and  the  mineral  is  commonly 
employed  as  building  stone,  and  for  the  manufacture  of  agricultural  lime. 
The  ground  dolomite  commonly  sold  for  agricultural  lime  contains  the 
equivalent  of  about  20  per  cent  magnesium  oxide  and  25  per  cent  calcium 
oxide.  Nearly  all  calcium  limestones  carry  varying  amounts  of  magnesium. 
The  amounts  of  magnesium  contained  in  calcitic  limestones  may  vary 
from  a  mere  trace  to  quantities  equivalent  to  those  found  in  the  dolomitic 
limestones.  Although  the  magnesium  in  limestone  is  water-insoluble  it 
becomes  slowly  available  in  the  soil,  and  when  incorporated  with  complete 
fertilizers  a  small  portion  is  made  water-soluble  as  a  result  of  reactions  that 
take  place  with  superphosphate. 

Maclntire  et  al.  (1938)  have  proposed  a  selectively  calcined  dolomite 
(CaC03.MgO)  as  a  conditioner  and  a  superior  compatable  component  of 
phosphatic  compounds  where  quickly  available  magnesium  is  desired. 

As  magnesium  salts  are  common  impurities  in  the  subterranean  potash 
deposits  of  Europe  and  America,  magnesium  is  nearly  always  present  in  the 
unrefined  or  partially  refined  potash  salts  of  subterranean  origin. 

Bartholomew  (1933)  has  reported  that  the  presence  in  the  soil  of  ap¬ 
plied  magnesium  sulfate  slightly  increased  the  availability  of  ground 
phosphate  rock. 


Calcium-magnesium  Ratio  in  Soils  and  Plants 

About  the  beginning  of  the  present  century  the  injurious  results  on 
plants  noted  from  the  application  of  magnesium  compounds  alone,  and 
the  beneficial  results  noted  from  the  application  of  calcium  compounds 
alone  led  some  investigators  to'suggest  a  balance  between  the  two  elements. 
Loew  (1901)  proposed  that  for  rhe  best  development  of  field  crops  a  cer¬ 
tain  ratio  should  exist  between  the  quantities  of  calcium  and  magnesium 
in  t  e  soi  .  He  reported  that  soils  in  Japan  varied  widely  as  to  this  ratio  and 
similar  variations  in  rhe  calcium-magnesium  ratio  of  soils  were  found  in 
this  country.  Loew  concluded  that  in  soils  the  best  ratio  of  calcium  to 
magnesium  on  which  the  common  field  crops  are  to  be  grown  appeared  to 

reportof  I™  Pa"S  °f  Calaum  to  one  Part  of  magnesium.  Following  rhe 

the  P  ob  emeandmdany  ^  ™ioUS  Parts  of  the  world  studied 

e  problem  and  drew  varying  conclusions.  In  this  country  it  is  now  nen 

aid  ^agreed  there  is  little  correlation  between  the  ratio  of  caldum 
agnesium  ,n  the  soil  and  crop  yields.  C.  B.  Lrpman  (l916)  concluded 
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Fig  105  (Left)  Normal  cotton  leaf.  (Right)  Leaf  showing  magnesium  deficiency 
symptoms-green  veins,  purplish-red  between  veins.  (Courtesy,  South  Carolina 

Agricultural  Experiment  Station.) 

that  there  is  little  evidence  available  to  support  the  hypothesis  that  a 
specific  calcium-magnesium  ratio  exists  for  any  plant  ot  group  of  plants. 

P  The  analyses  of  crops  also  have  shown  a  very  wide  range  in  the  calc.um- 
magnesium  atio  within  plants.  As  a  general  rule  most  crops  contain  mote 
than  magnesium  Results  secured  by  Wheeler  (1921)  and  Har  ¬ 
well  indicate  a  wide  range  in  the  ratio  of  calcium  and  magnesmmin  plants 
without  any  correlation  existing  between  the  ratio  and  the  yield.  Neve 
less  some  investigators  hold  the  view  that  calcium  and  magnesium,  as  w 

hm^tone^n'view  of  the  factthatthe^ossEf  added  magnesium  by  leaching 

exceeds  that  of  the  added  calcium. 

Symptoms  of  Magnesium  Deficiency 

magnum  ^  15 

probably  greater  than  now  thought. 


Zinc  defici¬ 
ency  in  corn. 
The  plants  are 
stunted  and  flat- 
topped.  The 
older  leaves  are 
yellow  and 
marked  with  a 
vivid  green  strip¬ 
ing.  (Courtesy, 
L.  G.  Willis  and 
the  Chilean  Ni¬ 
trate  Educational 
Bureau,  Inc.) 


Magnesium 
deficiency. 
"Sand  Drown,” 
in  tobacco.  The 
Jeaves  gradually 
turn  yellow,  re¬ 
maining  green 
along  the  veins 
until  the  entire 
leaf  loses  its  nor¬ 
mal  color.  (Cour¬ 
tesy,  Chilean  Ni¬ 
trate  Educational 
Bureau,  Inc.) 


Boron  defici- 
ciency,  "alfalfa 
yellows,”  in  al¬ 
falfa.  Plants  are 
stunted  and  ter¬ 
minal  leaves  are 
yellow.  (Cour¬ 
tesy,  J.  B.  Hester 
and  the  Chilean 
Nitrate  Educa¬ 
tional  Bureau, 
Inc.) 


'V 
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Symptoms  of  Magnesium  Deficiency 


Magnesium  is  a  component  of  chlorophyll,  and  magnesium  deficiency 
shows  itself  in  crops  by  a  characteristic  coloration  of  the  leaves  and  in 
serious  cases  in  some  crops  in  a  premature  defoliation  of  the  plant.  Plant 
symptoms  of  magnesium  deficiency  were  first  noted  in  tobacco  by  Garner 
and  Brown  (1919),  of  the  Bureau  of  Plant  Industry.  They  showed  that  the 
characteristic  chlorosis  of  tobacco,  known  as  "sand  drown"  could  be 
cured  by  supplying  magnesium  salts.  Cotton  plants  suffering  from  an  in¬ 
sufficiency  of  magnesium  produce  purplish-red  leaves  with  green  veins. 
Corn  and  sorghum  leaves  show  the  deficiency  by  becoming  striped,  the 
veins  remain  green  but  that  portion  of  the  lamina  between  the  veins 
becomes  yellow  in  corn  and  purple  in  sorghum.  In  the  legumes  the 
deficiency  is  evidenced  by  chlorotic  leaves  with  green  veins.  In  Irish 
potatoes  the  deficiency  is  referred  to  as  "potato  sickness,’’  in  citrus  as 
"bronzing,”  and  in  apples  as  "blotch.”  Fudge  (1938)  has  shown 'that 
magnesium- deficiency  symptoms  in  citrus  result  from  rhe  translocation  of 
magnesium  from  the  leaves  to  the  fruit. 

During  wet  seasons  more  magnesium  is  leached  from  the  soil  than 
during  dry  seasons  and  because  of  this  the  plant  symptoms  of  the  defi¬ 
ciency  are  more  pronounced  during  wet  years.  Collison,  Beattie  and  Harlan 
(1933)  found  from  a  study  of  lysimeter  investigations  in  New  York  that 


80  per  cent  of  the  total  magnesium  lost  from  the  soil  was  in  the  drainage 
water. 

According  to  Cooper  (1932),  magnesium  deficiency  symptoms  are 
more  pronounced  in  crops  grown  on  soils  of  a  low  magnesium  content, 
following  applications  of  fertilizer  salts.  The  aggravation  of  the  trouble 
appears  to  be  related  to  the  solubility  of  the  magnesium  salts  formed  in  the 
soil  as  a  result  of  the  addition  of  the  fertilizer  salts.  The  addition  of 
chlorides,  nitrates,  sulfates  and  phosphates  would  result  in  the  formation 
and  loss  in  drainage  water  of  magnesium  chloride,  nitrate,  sulfate  and 
p  osphates.  The  molar  solubility  of  magnesium  chloride  is  5.76,  of  mag¬ 
nesium  nitrate  5.00,  of  magnesium  sulfate  2.88,  and  of  magnesium  phot- 

from" ,r°°2i  k  “I?!?6  €Xf>eCted’  theref°re’  tHat  tHe  l0SS  of 
om  the  soil  would  be  greater  where  chlorides  are  applied  and  least  where 

Se  as,:r;pplied' Th'^  * borne  °ut>  ,n  ^ bp  c°°p- 

Cooper  (1930)  has  suggested  also  that  the  deficiency  of  magnesium  as 
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Magnesium  deficiency  may  be  corrected  by  the  addition  to  the  soil  of 
materials  carrying  magnesium  such  as  magnesium  sulfate,  calcined  kieser- 
ite,  potassium-magnesium  sulfate,  magnesium-ammonium  phosphate  or 
magnesium  carbonate.  Calcined  kieserite  contains  19  per  cent  water- 
soluble  magnesium.  In  recent  years  fertilizer  manufacturers  have  been 
incorporating  Emjeo ,  a  magnesium  sulfate,  in  their  fertilizer  mixtures  to 
supply  soluble  magnesium.  Emjeo  analyses  90  to  92  per  cent  magnesium 
sulfate.  Fifteen  hundred  pounds  of  dolomitic  limestone,  or  200  pounds  of 
kainite,  has  been  found  to  correct  the  deficiency  for  general  field  crops  at 
the  South  Carolina  Sand  Hill  Experiment  Station.  When  the  pH  of  the  soil 
is  above  6.0  magnesium  sulfate  may  be  preferable  to  dolomitic  limestone. 
Chucka  (1934)  found  that  soluble  carriers  of  magnesium  were  more  effec¬ 
tive  than  dolomitic  limestone  in  preventing  magnesium  deficiency  symp¬ 
toms  in  potatoes.  Recent  tests  have  shown  that  the  magnesium  of  dolomite 
is  more  readily  available  to  crops  after  the  dolomite  has  been  mixed  for 
several  weeks  with  fertilizer  mixtures,  even  though  the  mixtures  may  be 
neutral  in  reaction.  This  probably  results  in  a  reaction  of  the  dolomite  with 
superphosphate  with  the  resulting  formation  of  dimagnesium  phosphate. 
It  is  well  to  note  here  that  apparently  magnesium  phosphate  does  not 
combine  with  the  free  fluorides  of  superphosphate  and  revert  to  the  mag¬ 
nesium  fluorphosphate.  For  a  number  of  years  a  tobacco  committee  of  the 
southern  agronomists  has  recommended  that  all  complete  fertilizers  or 
tobacco  carry  2  per  cent  of  magnesia  and  that  at  least  1  pet  cent  be  denied 
from  water-soluble  materials. 
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Six  essential  elements  of  plant  growth  compose  a  group  that  is  now 
commonly  referred  to  as  the  rarer  elements.  These  elements  are  iron,  man¬ 
ganese,  boron,  copper,  zinc  and  molybdenum.  In  addition,  Hutchinson 
(1945)  believes  that  aluminum  should  be  accepted  as  an  essential  element 
for  ferns  and  other  vascular  cryptograms.  Unlike  the  three  so-called 
secondary  essential  elements,  the  rarer  elements  appear  to  be  helpful  in 
most  cases  only  at  concentrations  of  the  order  of  one-fourth  part  per  mil¬ 
lion,  while  often  two  parts  per  million  in  solution  may  be  toxic. 

The  response  of  plants  to  the  presence  of  the  rarer  elements  varies  with 


different  plants  and  with  different  soil  environments.  Powers  (1940),  of 
the  Oregon  Experiment  Station,  thinks  that  the  functions  of  the  rarer  ele¬ 
ments  are  as  follows: 

1.  They  may  be  essential  nutrients  for  life  and  growth. 

2.  They  may  serve  as  substitutes  for  other  elements. 

3.  They  may  help  form  enzymes  or  vitamins. 

4.  They  may  antidote  toxicity. 

5.  One  element  may  aid  in  keeping  another  reduced  or  oxidized. 

6.  One  element  may  liberate  another  element. 

7.  They  may  increase  resistance  to  disease. 

8  The  addition  or  presence  of  one  element  may  precipitate  ions  of 
another  element. 

9.  An  indirect  effect  may  occur  from  effect  on  reaction  or  act.on  of  an 
element  upon  microorganisms. 


10.  They  may  have  stimulating  effects. 

11.  They  may  have  possible  colloidal  effects. 

theiItnc?oprwkhoTfi  Sh°Uld  T  atKmpt '°  SUpP'y  the  rarer  eleme"«  «> 

heir  crops  without  first  consulting  specialists  of  their  state  experiment 
station  or  extension  service.  °  ment 
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Iron  an  Element  Essential  for  Plant  Growth 

Iron  has  long  been  accepted  as  an  element  essential  for  plant  growth. 
Iron  appears  to  catalyze  the  production  of  chlorophyll.  If  plants  are  grown 
in  a  medium  free  of  iron  they  develop  a  pathological  chlorosis  which  can 
be  relieved  only  by  the  application  of  small  quantities  of  iron.  The  chlo¬ 
rosis  appears  first  on  the  young  parts  of  the  plant  and  although  it  is  some¬ 
what  similar  to  that  produced  by  a  deficiency  of  nitrogen  and  magnesium 
it  develops  much  faster  when  produced  by  a  deficiency  or  an  inactivation 
of  iron.  The  part  that  iron  plays  in  plant  metabolism  is  not  known  but 
Bennett  (1945)  believes  that  the  chlorosis  is  a  disturbance  of  both  nitrogen 
and  iron  metabolism  and  that  the  two  are  intimately  related.  Unlike  many 
other  elements,  once  iron  becomes  fixed  in  the  plant  it  is  not  readily  trans¬ 
ported  to  another  part.  More  iron  appears  to  be  needed  by  the  plant  in  light 
of  high  intensity  than  in  light  of  low  intensity  and  more  iron  is  found  in 
leaves  of  plants  growing  on  noncalcareous  soil  than  in  leaves  of  plants 
growing  on  calcareous  soil. 

Nearly  all  soils  contain  an  abundance  of  iron  and  some  soils  may  con¬ 
tain  20  tons  or  more  of  iron  oxide  per  acre  six  inches.  Nevertheless  there 
are  a  few  acid  soils  and  many  alkaline  soils  that  have  been  reported  deficient 
in  this  element.  Iron  deficiency  has  been  recognized  in  California  for  many 
years.  Aston  (1929)  has  reported  that  forage  plants  grown  on  certain 
soils  in  New  Zealand  contain  insufficient  iron  for  the  proper  nutrition  o 


106.  Influence  of  an  iron  spray  on  ffie f  of  tarn  sulfate. 

XTJ ^spllyellcrcesV  Hawaiian  Agricultural  Experiment  Statron.) 
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animals.  Unreported  analyses  of  plants  made  by  the  South  Carolina  Ex- 
periment  Station  would  indicate  that  iron  may  be  a  limiting  factor  of  plant 
growth  for  truck  crops  on  some  of  the  poorly  drained  sandy  soils  of  the 
Coastal  Plains  section.  The  presence  of  decomposing  organic  matter 
under  poor  drainage  conditions  tends  to  deplete  the  iron  content  of  soil 
colloids.  This  has  been  demonstrated  by  Holmes,  Hearn,  and  Byers  (1938). 
The  chlorosis  of  plants  due  to  a  deficiency  of  iron  is  usually  found  on  soils 
rich  in  calcium  and  manganese.  These  elements  appear  to  immobilize 
the  iron  in  the  soil  and  in  the  plant  and  to  bring  about  a  condition  ol 
deficiency  especially  in  the  growing  plant.  Iron  is  comparatively  immo¬ 
bile  in  growing  plants  and  for  this  reason  it  is  not  moved  from  older  leaves 
to  younger  tissues  when  a  deficiency  sets  in.  In  fact,  pathological  accumu¬ 
lation  of  iron  and  aluminum  in  diseased  corn  stalks  has  been  described 
by  Hoffer  and  Carr  (1923).  The  high  content  of  iron  in  potassium-deficient 
plants  is  due  to  the  higher  pH  values  of  the  sap,  a  condition  that  brings 
about  the  precipitation  and  accumulation  of  iron  in  abnormal  amounts. 
Iron  deficiency  may  develop  in  sandy  soils  of  low  iron  content  where 
heavy  applications  of  lime  have  been  made.  Lime-induced  chlorosis 
of  grapes  has  been  noted  in  France,  and  of  sugar  cane  in  Puerto 
Rico. 

The  fertilizer  material  that  should  be  applied  to  a  soil  deficient  in  iron 
may  depend  upon  what  other  nutrients  are  required.  If  the  soil  is  also 
deficient  in  phosphorus,  both  the  phosphorus  and  iron  may  be  supplied  in 
basic  slag.  When  iron  deficiency  is  lime-induced  it  may  be  corrected  by 
the  use  of  acid-forming  fertilizers. 

The  iron  chlorosis  of  pineapples  in  Hawaii  appears  to  be  manganese- 
induced  and  can  be  cured  by  applications  of  iron  compounds  in  the  form 
of  sprays.  The  excess  of  manganese  dioxide  in  the  soil,  resulting  from  an 
acid  condition,  keeps  the  iron  oxidized  to  the  ferric  form  and  thus 


depresses  its  absorption.  The  ferric  form  of  iron  is  not  readily  available  to 
plants.  Pineapple  growers  who  farm  the  acid  manganiferous  soils  of 
Hawaii,  often  find  it  profitable  to  apply  as  a  spray  a  5  per  cent  solution  of 
^  ferrous  sulfate  at  the  rate  of  50  to  100  gallons  per  acre  every  week  or  10 
days  during  the  growing  period.  Johnson  (1916)  has  reported  the  cost  of 
this  iron  spray  to  be  about  60  cents  per  acre. 

The  iron  chlorosis  of  fruit  and  shade  trees  can  be  overcome  by  driving 
iron  nails  into  the  trunks,  or  by  boring  small  holes  into  the  trunks  and 

lng  with  a  soluble  iron  salt  such  as  iron  citrate  or  tartrate,  as  has  been 
described  by  Bennett  (1931). 
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Toxic  Compounds  of  Iron  in  the  Soil 

Often  deoxidation  processes  are  set  up  by  anaerobic  organisms  in  soils 
that  are  not  thoroughly  drained,  and  such  oxides  as  ferric  oxide  may  be 
reduced  to  the  lower  oxide,  ferrous  oxide.  These  lower  oxides  of  iron,  and 
probably  also  other  similarly  derived  compounds  of  ison,  are  toxic  to 
many  plants.  When  such  toxic  conditions  exist  they  may  be  corrected  by 
drainage  and  the  employment  of  soil  management  practices  which  will 
aerate  the  soil. 

Manganese  an  Element  Essential  for  Plant  Growth 

Manganese  was  first  shown  to  be  present  in  plants  by  Scheele  in  1774. 
Since  that  time  its  presence  in  many  plants  has  been  noted  and  in  recent 
years  it  has  been  generally  accepted  as  an  essential  element  for  crops. 
McHargue  (1926),  of  the  Kentucky  Experiment  Station,  has  reported 
results  which  demonstrate  conclusively  that  manganese  is  essential  for 
plant  growth.  He  has  shown  that  manganese  functions  with  the  aid  of  iron 
in  the  synthesis  of  chlorophyll  and  in  the  assimilation  of  carbon  and  that 
legumes  appear  to  be  more  sensitive  to  a  lack  of  manganese  than  the 
nonlegumes.  McHargue  (1945)  states,  however,  that  leguminous  plants 
usually  contain  the  least  amount  of  manganese  and  the  grasses  the 
greatest  amount.  Manganese  also  appears  to  be  needed  for  the  activation 
of  oxidases.  Many  investigators  concur  in  the  belief  that  manganese 
tends  to  accumulate  in  the  leaves,  but  chemical  analyses  show  that 


Fig.  107.  Effect  of  manganese  on  Potatoes  Fertilizer  with  manganese. 

Florida  {Left)  Fertilizer  without  manganese.  {Righ  ) 

xirtesy,  Cams  Chemical  Company,  Inc.) 
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Fig.  108.  Showing  symptoms  of  magnesium  deficiency  in  turnips.  {Left)  De¬ 
ficiency  symptoms.  Note  ragged  outline  and  chlorotic  condition.  {Right)  Normal 
leaf.  (Courtesy,  American  Hortigraphs  and  Agronomic  Review.) 

the  manganese  content  of  plants  of  the  same  crop  will  vary  widely  and 
that  the  element  is  probably  the  most  variable  of  the  mineral  nutrients. 
Bursrrom  (1939)  is  of  the  opinion  that  the  reduction  of  nitrates  in  plants 
is  dependent  on  an  enzyme  system  in  which  manganese  has  an  essential 
role.  Rigg  and  Askew  (1929)  found  pasture  plants  in  New  Zealand  to  con¬ 
tain  more  manganese  than  iron.  The  soils  upon  which  these  plants  were 
grown  were  not  deficient  in  iron,  so  it  would  appear  that  manganese  is 
capable  of  replacing  iron  to  some  extent,  and  of  being  selectively  absorbed 
by  plants  ahead  of  iron. 

Manganese  Content  of  Soils 

Manganese  exists  in  most  soils  as  the  dioxide  or  the  hydrated  oxide  in 
the  mineral  pyrolusite,  manganite,  and  psilomelane.  The  manganese  con¬ 
tent  of  most  soils  is  rather  low,  but  manganese  occurs  in  available  amounts 
sufficient  to  meet  crop  needs  in  most  American  soils,  with  the  exception 
of  the  calcareous  soils  of  the  glades  of  Florida,  and  some  of  the  sandy  soils 
of  the  Atlantic  Coastal  Plain.  Like  iron,  manganese  exists  in  the  soil  in  an 
oxidation-reduction  equilibrium.  This  equilibrium  exists  between  the 
available  manganese  (manganous)  and  a  continuous  series  of  manganese 
of  a  higher  state  of  oxidation  (manganic)  representing  a  range  from  the 
most  active  to  the  most  stable  form.  In  certain  black  Hawaiian  soils  the 
manganese  oxide  content  may  be  as  high  as  8  to  10  per  cent.  Schreiner 

3  )  reports  that  owing  to  the  presence  of  excessive  quantities  of  man- 
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ganese  in  these  soils  great  difficulty  is  experienced  in  growing  pineapples. 
Sherman  et  al.  (1942)  concluded  that  with  the  gray-brown  podsolic  soils 
the  active  manganese  is  concentrated  in  the  A  horizon  and  that  erosion 
exposes  subsoils  that  are  deficient  in  manganese. 

Schreiner  and  Dawson  (1927)  directed  attention  to  the  soils  occurring 
in  the  glades  of  Dade  County,  Florida,  which  fail  to  produce  a  crop  unless 
fertilized  with  stable  manure  or  manganese  sulfate  in  addition  to  a  balanced 
inorganic  fertilizer.  Stable  manure  usually  contains  small  quantities  of 
manganese.  Hester  (l94l)  found  that  soils  with  a  low  manganese  content 
produced  tomatoes  with  a  low  vitamin  C  content. 

Powers  (1940),  of  the  Oregon  Experiment  Station,  reported  an  in¬ 
crease  in  the  yields  of  many  crops  following  the  application  of  manganese 
sulfate.  On  certain  acid  peat  soils  he  secured  an  increase  of  82  per  cent  in 
the  yield  of  tomatoes.  Further,  Marsh  and  Powers  (1945)  found  that  man¬ 
ganese  was  needed  on  the  basic  peats  of  Oregon. 


Influence  of  Manganese  on  Plant  Growth 

Excess  quantities  of  soluble  manganese,  such  as  may  be  present  in  very 
acid  soils,  may  be  toxic  to  plants  and  may  explain  in  part  the  ill  effects  of 
high  soil  acidity.  As  the  clay  crystal  acts  as  an  acid,  clays  tend  to  reduce 
manganic  manganese  and  to  retard  the  oxidation  of  manganous  manganese. 
It  seems  reasonable  to  believe  that  manganese  toxicity  on  the  highly  acid 
soils  of  the  Southeast  is  more  prevalent  than  is  commonly  realized. 

Malnutrition  in  plants  due  to  a  deficiency  of  manganese  often  occurs 
on  soils  which  contain  fair  amounts  of  manganese  but  which  are  neutra  or 
slightly  alkaline  in  reaction.  This  deficiency  is  commonly  noted  where  the 
soil  has  been  heavily  limed.  Alkalinity  resulting  from  liming  reduces  the 
solubility  of  manganese.  It  appears  that  the  manganese  ion  is  only  absorbed 
by  plants  in  the  bivalent  form  which  is  readily  oxidized  to  a  higher  valency 
when  the  soil  is  alkaline.  The  fixation  of  manganese  m  so.ls  above  pH l 
is  due  to  the  oxidation  of  the  manganous  manganese  to  the  hydrate 
manganic  oxide  and  to  inert  manganic  oxides.  Ukew.se,  m  strong  and 
soils  the  oxidation-reduction  conditions  favor  the  teduct.on  of  the  man 
ganic  manganese  to  the  manganous  form.  Manganese  can  be  wdJy 
feached  from  a  strongly  acid  soil.  Jacobson  and  Swanback  (1932)  an 
Sherman  McHargue  and  Hodgkiss  (1942),  as  well  as  other  investigators. 
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hard  to  obtain  on  soils  having  a  high  clay  content.  Willis  and  Mann  (1930) 
reported  that  manganese  deficiency  is  more  pronounced  when  liming  ma¬ 
terials  have  been  added  in  amounts  sufficient  to  increase  the  pH  of  the  soil 
solution  to  6.5  and  above.  McVickar  (1942)  found  that  the  manganese 
uptake  by  bluegrass  in  parts  per  million  on  soils  below  pH  5.0  averaged 
7.68  as  compared  with  1.84  on  soils  of  pH  5.0  or  above.  Spots  showing 
manganese  deficiency  are  often  noted  in  fields  of  sandy  soils  of  the  Coastal 
Plain  where  brush  has  been  burned,  for  wood  ashes  are  composed  largely 
of  lime.  When  manganese  deficiency  occurs  in  plants  growing  on  acid 
soils  it  is  thought  to  result  from  the  leaching  of  soluble  manganese. 

Manganese  chlorosis  of  plant  leaves  first  appears  between  the  veins  as  a 
pale  green,  yellow  or  red  area,  depending  upon  the  crop.  These  spots 
gradually  become  white  surrounded  by  the  green  of  the  veins. 

Gilbert,  McLean,  and  Hardin  (1926),  of  the  Rhode  Island  Experiment 
Station,  have  reported  instances  where  the  chlorosis  or  frenching  of  crops 
that  had  been  induced  by  liming  could  not  be  corrected  by  an  application 
of  iron,  but  was  corrected  by  the  application  of  manganese.  Samuels  and 
Piper  (1928)  have  shown  that  the  "gray  speck”  or  "white  wilt”  disease 
of  oats  which  occurs  in  certain  parts  of  Australia  and  Europe  is  due  to  an 
insufficient  supply  of  manganese.  Sherman  and  Horner  (l94l)  have  been 
able  to  control  gray  speck  disease  by  any  soil  treatment  which  will  in¬ 
crease  the  exchangeable  manganese  in  the  soil  to  3  p.p.m.  or  more. 
Manganese  toxicity  in  tobacco  has  been  reported  from  Connecticut  by 
Jacobson  and  Swanback  (1932)  and  from  Kentucky  by  Bortner  (1935). 

Piper  (1931)  has  reported  that  unavailable  manganese  in  the  soil  may 
be  made  available  by  subjecting  the  soil  to  such  reducing  conditions  as 
those  brought  about  by  temporary  water-logging  prior  to  seeding.  Such 
indirect  methods  of  supplying  a  crop  with  more  manganese  is  based  on  the 
reversion  of  the  manganous-manganic  equilibrium.  The  same  thing  can 

be  accomplished  by  changing  the  soil  reaction  with  sulfur  and  other 
acid-forming  materials. 


Application  of  Manganese  Fertilizer 

The  most  common  carrier  of  manganese  used  as  a  fertilizer  and  the 

”°S?“n°“1Cal  15  sulfate.  Where  manganese  deficiency  oc¬ 

curs  50  to  00  pounds  of  manganese  sulfate  per  acre  annually  is  generally 

FloTTnh  ’  ald7gr  200  P°UndS  "  — ^ed  for  the  marl  soils  of 

the'salt  1;  mOIV 1  SOil  the  greater  aPPears  to  be  'he  need  for 

salt,  and  on  alkaline  organic  soils  Sherman  and  Harmer  (l94l)  recom- 
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Fig.  109.  Response  of  radish  to  treatment  with  copper,  manganese,  and  manure 
on  raw  saw-grass  soil  of  the  Florida  Everglades.  (1)  Copper;  (2)  manganese;  (3) 
manure;  (4)  check.  (Courtesy,  Florida  Agricultural  Experiment  Station.) 


mended  100  to  400  pounds  of  manganese  sulfate  per  acre.  However,  the 
application  of  manganese  directly  to  a  soil  of  high  fixation  capacity  is  a 
very  inefficient  method  for  the  correction  of  manganese-deficient  condi¬ 
tion.  In  such  cases,  either  an  application  of  manganese  sulfate  should 
be  made  with  equal  application  of  sulfur  or  preferably  the  manganese 
sulfate  should  be  applied  as  a  spray  to  the  foliage  of  the  crop.  A  too 
liberal  supply  of  manganese  is  not  economical  and  may  cause  harm. 
Manganese  toxicity  in  a  soil  may  be  corrected  by  applying  lime  or 
phosphates.  Certain  manufacturers  of  mixed  fertilizers  in  Florida  make  it  a 
practice  to  add  manganese  sulfate  to  all  their  complete  fertilizers. 

Sherman  (1943)  concludes  that  manganese  deficiency  in  soils  has  been 
caused  by  man,  and  due  to  his  carelessness  in  the  management  of  the  soil, 
and  to  his  ignorance  of  the  fundamentals  of  soil  chemistry. 

Because  of  its  manganese  content  barnyard  manure  has  been  shown 
to  alleviate  manganese  deficiency.  It  is  probably  true  that  the  increasing 
scarcity  of  manure  in  America  explains  in  part  the  increase  in  manganese 
deficiency  noted  during  recent  years. 


Boron  an  Element  Essential  for  Plant  Growth 

Boron  is  widely  distributed  in  nature.  It  was  first  discovered  to  occur 
naturally  in  plants  by  Wittstein  and  Apoiger  m  1857.  It  is  found  in  roc  s 
and  soils  and  in  plant  and  animal  tissues.  The  extensive  distribution  of 
boron  in  the  soils  of  America  was  demonstrated  by  Whetstone  e  a  ()  - 0  ■ 
Garman  (1946)  recently  determined  the  boron  content  of  20  soil  types 
"Carolina.  His  results  are  given  in  Table  87.  Boron  deficiency  is  not 
as  widespread  in  acid  soils  as  in  those  on  the  alkaline  side.  McHargue  • 
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Table  87 


Available  Boron  in  Some  Soils  of  South  Carolina 


Soil  Type 

Charleston  fine  sandy  loam. . 

Edisto  sandy  loam . . 

Dunbar  fine  sandy  loam . 

Edisto  fine  sandy  loam . 

Stono  fine  sandy  loam . 

High  Marsh . 

St.  Johns  fine  sandy  loam 

Nosbig  fine  sandy  loam . 

Dupont  fine  sandy  loam . 

Bladen  fine  sandy  loam . 

Dunbar,  very  fine  sandy  loam 

Norfolk  fine  sandy  loam . 

Onslow  fine  sandy  loam . 

Portsmouth  fine  sandy  loam.  . 
Lynchburg  fine  sandy  loam.  .  . 

Fairhope  sandy  loam . 

Marlboro,  silty  loam . 

Iredell  silty  clay  loam . 

Cecil  clay  loam . 

Davidson  clay  loam . 


Depth 

(inches) 

County 

pH 

Boron 

(p.p.m.) 

0-10 

Beaufort 

4.8 

0.30 

10-22 

4.7 

0.30 

0-  6 

Beaufort 

5.7 

0.33 

6-20 

5.7 

0.09 

0-  6 

Jasper 

5.0 

0.54 

6-18 

4.7 

0.30 

o 

i 

\0 

Beaufort 

4.7 

1.03 

9-20 

4.7 

0.56 

0-12 

Charleston 

5.5 

0.23 

12-24 

4.5 

0.34 

0-  8 

Charleston 

7.1 

1.87 

9-24 

6.5 

2.00 

0-  9 

Charleston 

4.0 

0.58 

9-20 

4.4 

0.34 

0-  8 

Charleston 

5.7 

0.23 

8-22 

4.8 

0.11 

0-10 

Charleston 

5.0 

0.21 

10-18 

4.6 

0.15 

0-  6 

Horry 

4.6 

0.76 

6-17 

4.2 

0.54 

0-  6 

Horry 

4.5 

0.53 

6-12 

4.6 

0.12 

0-10 

Georgetown 

5.7 

0.16 

10-24 

4.1 

0.12 

0-10 

Georgetown 

4.2 

0.24 

10-15 

4.2 

0.16 

0-  8 

Charleston 

5.3 

0.70 

'0-  6 

Georgetown 

5.0 

0.22 

6-12 

6.2 

0.08 

0-  6 

Colleton 

4.9 

0.14 

6-17 

4.5 

0.17 

0-  7 

Florence 

5.5 

0.25 

7-13 

5.6 

0.32 

0-  7 

Abbeville 

6.1 

0.33 

7-14 

6.4 

0.20 

0-  8 

Abbeville 

5.6 

0.21 

0-  8 

Abbeville 

5.7 

0.16 

3^0  Fertilizers  Carrying  the  Rarer  Essential  Elements 

(1940)  have  reported  its  widespread  occurrence  in  plant  and  animal  ma¬ 
terials.  It  occurs  in  most  plants  in  quantities  up  to  about  200  parts  per 
million  and  Munsell  and  Brown  (1943)  report  a  higher  content  in  legumes 
than  in  nonlegumes.  According  to  Robinson  and  Edgington  (1945) 
boron  does  not  exceed  70  p.p.m.  in  normal  naturally  grown  plant  leaves. 
McHargue  et  al.  (1939)  have  reported  from  .4  to  143  p.p.m.  in  various 
plant  parts.  Some  of  the  data  of  McHargue  et  al .,  is  given  in  Table  88. 
Boron  makes  up  about  10  per  cent  of  the  mineral  tourmaline,  and  tour¬ 
maline  is  almost  universally  present  in  soils,  although  generally  in  very 


Table  88 

Boron  Content  of  Some  Field  Crops 


Material 

Boron  {p.p.m.) 

Cereals: 

• 

Com,  white,  Ky . 

1.17  (2)* 

Corn,  yellow,  Ky . 

2.30  (3) 

Wheat,  Ky . 

0.59  (3) 

Oats,  ? . 

1.02 

Barley,  Ky . 

0.64 

Rye,  Ky . 

1.50 

Average . 

1.19 

Pasture  and  Hay  Crops: 

Bluegrass,  Ky . 

11.80 

Bluegrass,  Ky . 

6.00 

Orchard  grass,  Ky . 

5.20 

Timothy  and  clover  mixed,  Ky . 

3.30 

% 

Average . 

6.57 

Leguminous  Hays: 

• 

Red  clover,  Ky . 

3130 

Alfalfa,  normal,  Ky . 

33.30 

Alfalfa,  abnormal,  Ky . . 

47.00 

Lespedeza,  Ky . 

18.10 

20.30 

30.00 

*  Average  of  number  of  samples  indicated. 
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small  quantities.  Its  persistence  in  soils  would  indicate  that  the  mineral  is 
almost  insoluble.  Whetstone,  Robinson,  and  Byers  (1942)  have  made  a 
comprehensive  survey  of  the  distribution  of  boron  in  the  soils  of  America. 
Three  regions  of  low  boron  content  are  recognized — the  Atlantic  Coastal 
Plain,  a  region  across  Michigan,  Wisconsin,  and  Minnesota,  and  the  Pacific 
coastal  region  of  the  Northwest.  Many  soil  types  have  been  reported  to  be 
deficient  in  boron,  including  soils  from  many  foreign  countries  and  from 
at  least  20  of  the  states  in  the  United  States.  Schuster  and  Stephenson 
(1940)  have  found  that  soils  that  have  long  been  clean  cultivated  and  that 
are  low  in  organic  matter  contain  less  available  boron  than  uncultivated 
soils  of  the  same  type.  Also,  deficiency  symptoms  appear  to  be  more 
prevalent  during  dry  seasons.  Boron,  unlike  some  other  rarer  elements,  such 
as  copper  and  zinc,  is  not  absorbed  by  soil  colloids. 


Influence  of  Boron  on  Plant  Growth 

Although  it  was  demonstrated  by  Agulhon  as  early  as  1910  that  boron 

is  required  by  some  plants,  its  essential  nature  was  not  established  until 

after  World  War  I.  Boron  appears  to  be  closely  related  to  some  function 

that  calcium  performs  in  the  plant.  As  in  the  case  of  calcium,  there  appears 

to  be  little  transfer  of  boron  from  old  tissues  to  younger  growing  points. 

Warington(  1923)  and  Brenchley  (1927),  of  the  Rothamsted  Experiment 

Station,  were  among  the  first  to  demonstrate  the  essential  nature  of  boron 

and  this  was  soon  concurred  in  by  Sommer  and  Lipman  (1926),  Johnson 

and  Dore  (1928),  and  others  in  this  country.  Brenchley  and  Warington 

believe  that  boron  enables  the  plant  to  absorb  or  utilize  calcium.  Recently 

Parks,  Lyon  and  Hood  (1944)  have  secured  results  at  the  Plant,  Soil,  and 

Nutrition  Laboratory  of  the  U.S.  Department  of  Agriculture  at  Ithaca, 

N.  Y.,  which  indicate  that  an  increased  absorption  of  boron  by  plants 

may  bring  about  an  increase  in  the  absorption  of  all  other  mineral  nutrients 

to  an  extent  of  several  hundred  per  cent.  Reeve  and  Shive  (1944)  report 

that  the  rate  of  boron  absorption  and  accumulation  by  plants  increases  as 

potassium  in  the  growth  medium  increases.  Altogether  some  20  or  more 

physiological  disorders  affecting  cultivated  plants  are  attributed  to  boron 
deficiency. 

Very  small  quantities  of  boron  ate  requited  by  plants  and,  unlike 
most  other  essential  elements,  if  present  in  concentrations  much  above 
that  required  for  normal  growth  it  becomes  toxic.  This  sometimes  occurs 
naturally  in  and  regions.  Eaton  (1944)  has  presented  data  showing  that 
is  considerable  overlapping  between  the  injurious  and  the  beneficial 


312 


Fertilizers  Carrying  the  Rarer  Essential  Elements 


effects  of  boron  within  plants.  Collings  (1927),  working  at  the  New  Jersey 
Experiment  Station  in  1923,  was  among  the  first  to  describe  boron  toxicity. 
In  the  same  study  Collings  also  found  that  2.5  parts  per  million  of  boron, 
either  as  boric  acid  or  borax,  stimulated  the  growth  of  plants  that  were 
grown  to  maturity.  During  World  War  I  certain  American  potashes  which 
contained  borax  were  put  on  the  American  market.  Damaging  results  to 
crop  growth  were  secured  in  nearly  all  sections  where  these  potashes  were 
used,  and  especially  where  they  were  used  on  the  sandy  types  of  soil.  Since 
World  War  I  the  methods  of  refining  these  American  potashes  have  been 
improved  to  such  an  extent  that  the  borax,  when  present,  is  removed  al¬ 
most  entirely.  The  irrigation  water  of  some  sections  of  California  and 
other  western  states  often  carry  over  one-half  part  per  million  of  boron. 
This  concentration  of  boron  is  sufficient  to  produce  toxicity  symptoms  in 
citrus  trees.  Natural  boron  toxicity  is  not  likely  to  occur  except  under 
arid  conditions. 


Many  physiological  diseases  of  plants  have  now  been  shown  to  be  due 
to  a  deficiency  of  boron.  Davidson  (1941)  thinks  that  in  recent  years  defi¬ 
ciencies  of  boron  in  apple  orchards  have  occurred  more  frequently  than 
deficiencies  of  any  other  nutrient  except  nitrogen.  Plants  appear  to  need 
a  continuous  supply  of  boron  for,  unlike  some  other  elements,  boron  is  not 
stored  in  the  plant.  Also,  as  pointed  out  by  Walker  (1944)  the  first 
symptoms  of  boron  deficiency  are  not  externally  visible.  It  appears  that  in 
the  absence  of  boron  the  development  of  meristematic  tissue  of  plants  and 
the  nodulation  of  legumes  does  not  take  place  properly.  Scripture  and 
fio4^  concluded  that  boron  is  functional  in  the  metabolism 


or  tip  half  of  leaves.  Willis  and  Pil 
Reisenauer  (1944)  showed  that  in 
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Fig.  110.  Generalized  map  of  the  occurrence  of  boron  and  manganese  deficiencies  in  plants  in  the  United  States.  (Courtesy, 

Kenneth  C.  Beeson  and  the  United  States  Plant,  Soil,  and  Nutrition  Laboratory.) 
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to  a  deficiency  of  boron  and  that  this  deficiency  could  be  corrected  by 
applying  5  pounds  of  borax  per  acre.  Scott  (1944),  working  with  50  varie¬ 
ties  of  grapes  at  the  South  Carolina  Sandhill  Experiment  Station,  was  able 
to  secure  marked  increases  in  the  yields  of  some  varieties  from  an  applica¬ 
tion  of  borax.  Powers  (1939)  was  able  to  control  alfalfa  yellows  in  Oregon 
with  30  pounds  of  boric  acid  per  acre.  It  thus  appears  that  the  relation  of 
boron  to  plant  life  is  a  matter  of  great  complexity. 


Application  of  Boron  Fertilizers 

The  quantity  of  boron  that  should  be  applied  to  a  soil  that  shows  an 
insufficient  amount  of  boron  to  allow  normal  plant  development  and  at  the 
same  time  not  be  so  much  that  toxicity  will  result,  must  be  dependent 
upon  a  number  of  factors.  Included  in  these  are  the  crop,  the  soil,  the 
season,  the  method  of  application,  and  the  source  of  the  boron.  It  is  gen¬ 
erally  recognized  that  boron  can  be  added  in  larger  quantities  on  alkaline 
and  neutral  soils  without  causing  injury  than  when  added  to  acid  soils. 


Fig.  111.  Influence  of  zinc ?“lface  “o awwh^eSved 

Xel  CoTesy,  Fieri  Agricultural  Experiment  Station.) 
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Fig.  113.  Cross  section  of  well  fertilized  but  overlimed  pot  of  A0  podsol  soil 
having  paraffin  partition  and  growing  flax.  {Left  half  of  pot)  No  borax.  {Right  half  of 
pot)  50  pounds  of  borax  per  acre.  Observe  growth  of  roots  where  boron  is  applied. 
(Courtesy,  A.  K.  Midgley  and  the  Vermont  Agricultural  Experiment  Station.) 

For  fruit  trees  in  British  Columbia,  McLarty  (1940)  recommends  30  pounds 
of  granular  boric  acid  per  acre  applied  at  any  time  during  the  year.  Fergu¬ 
son  and  Wright  (1940)  found  that  the  inclusion  of  borax  as  boric  acid  in 
two  of  the  regular  spray  mixtures  applied  to  apple  trees  as  pesticides  was 
sufficient  to  prevent  the  development  of  cork  and  drouth  spots  and  Mac- 
Lachlan  (1944)  has  secured  excellent  results  from  spraying  borax  solutions 

on  table  beets.  »  ... 

According  to  Wolf  (1939),  boron  is  made  less  available  if  the  soil  lias 

been  limed  to  a  pH  above  7.0.  He  also  demonstrated  that  plants  grown  on 
soils  treated  with  borax  showed  an  increase  in  boron  content  as  the  amount 
of  borax  applied  to  the  soil  was  increased.  It  appears,  therefore,  that  boron 
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deficiency  of  crops  is  correlated  not  only  with  the  amount  of  boron  in  die 
soil  but,  in  addition,  is  also  influenced  by  the  soil  reaction  and  the  fertiliz¬ 
ing  practices  followed.  In  1940,  .Wolf  demonstrated  that  the  percentage 
and  total  amount  of  boron  in  plants  decrease  as  the  pH  of  the  soil  in¬ 
creases.  Midgley  and  Dunklee  (1939)  concluded  that  the  limited  degree  of 
fixation  of  soluble  boron  was  chemical  rather  than  biological,  and  that  the 
ability  of  soils  to  fix  boron  depends  on  the  degree  of  acidity  and  the 
extent  to  which  they  are  subsequently  limed.  Harmer  and  Benne  (1945) 
found  that  crops  having  a  high  sodium  requirement  were  among  the  first 
to  exhibit  boron  deficiency. 

Borax  (sodium  tetraborate)  is  the  most  commonly  used  fertilizer 
material  carrying  boron.  In  experimental  work  potassium  borate,  boric 
acid,  and  finely  ground  borosilicates,  have  been  found  satisfactory.  They 
may  be  applied  alone  or  mixed  with  fertilizers.  For  most  crops  and  for 
most  soils  10  to  50  pounds  of  borax  is  recommended  for  use  with  complete 
fertilizer,  but  1  pound  per  acre  is  sufficient  for  tobacco  and  2  to  5  pounds 
may  be  satisfactory  for  some  truck  crops.  Killinger  et  al.  (1943)  recom¬ 
mend  5  to  10  pounds  of  borax  per  acre  for  pastures.  As  soluble  compounds 
of  boron  are  not  held  as  such  in  the  soil  annual  applications  of  borax  may 
be  necessary.  In  Table  89  is  given  according  to  Reeve  et  al.  (1944)  the 
amount  of  borax  leached  from  four  soil  types  by  an  amount  of  water 
equivalent  to  one-fourth  of  the  annual  rainfall  following  an  application  of 


Fig.  114.  Resnnnsf*  nf  cniwr  _ _  i •  . 
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Table  89 

Boron  Losses  Resulting  from  Leaching  Soils  with  Water 


Soil  Type 

B  Added 
to  Soil* 

B  Leached 
from  Soil f 

Penn  silt  loam . 

mg. 

8.49 

8.49 

8.49 

8.49 

mg. 

6.07 

6.30 

6.52 

7.20 

Lansdale  silt  loam . 

Sassafras  loam . 

Lakewood  sand . 

*  Equivalent  to  an  application  of  20  lbs.  of  borax  per  acre, 
t  By  an  amount  of  water  equivalent  to  a  depth  of  11  inches. 


20  pounds  per  acre.  In  Table  90  is  given,  according  to  Purvis  (1939), 
the  plants  which  have  been  reported  as  showing  boron  deficiency  in  the 
United  States.  It  shows  also  the  range  of  field  recommendations  made  in 
various  states  for  boron  deficient  soils.  Purvis  (1945)  has  also  classified 
plants  into  four  groups:  very  sensitive,  sensitive,  tolerant,  and  very 
tolerant.  The  very  sensitive  group  cannot  stand  over  5  pounds  of  borax  per 
acre.  In  this  group  are  included  cowpeas,  cucumbers,  snap  beans,  and 
strawberries.  The  sensitive  group  can  stand  up  to  20  pounds  of  borax  per 


Table  90 


Plants  Showing  Boron  Deficiency  in  the  United  States  and  Range  of  Field 
Recommendations  Made  in  Various  States  for  Deficient  Soils 


Plant 

• 

Recommenda¬ 
tion ,  lbs.  borax 
per  acre 

10-40 

Annies*  . 

5-30 

Beets 

Fi  to  1  lb.  per  tree 
10-50 

Rrnrrnli  . 

10 

10-12 

10-20 

C  anliflnwer  . 

10-25 

10-100 

10 

C'  r^rrnn  . 

M- io 

10-20 

I-66FW1U . 

Lettuce . 

10 

Plant 

Recommenda¬ 
tion ,  lbs.  borax 
per  acre 

Man  pels  . 

10 

'Marrissiis . . 

None 

Pm  *  . 

V>  lb.  per  tree 

Pnrafoes . 

25 

None 

Radiches  . 

10-20 

10-25 

10-12 

Qn octr  Keers . 

10-40 

K-io 

10-20 

None 

Turnips . 

10-30 

♦  Boric  acid  used  for  apples  and  pears  in  Washington  and  for  apples  in  Montana. 
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acre.  This  group  includes  celery,  muskmelon,  peas,  potatoes,  squash,  and 
watermelon.  The  tolerant  group  can  stand  up  to  30  pounds  of  borax  per 
acre  and  includes  such  crops  as  cabbage,  kale,  lettuce,  lima  beans,  okra, 
onions,  peppers,  radish,  spinach,  and  sweet  potatoes.  The  very  tolerant 
group  appears  not  to  be  injured  by  50  pounds  of  borax  per  acre  and  in¬ 
cludes  beets,  cauliflower,  mustard,  tomatoes,  and  turnips.  It  should  be  kept 
in  mind  that  for  a  given  crop  borax  can  be  applied  in  heavier  applications 
to  soils  which  have  a  high  organic  matter  content,  a  high  exchange 
capacity,  or  a  high  pH,  than  can  safely  be  applied  to  light  acid  soils. 


Copper  an  Element  Essential  for  Plant  Growth 

Experimental  evidence  is  now  sufficient  to  justify  the  acceptance  of 
copper  as  an  essential  element  of  plant  growth.  In  the  United  States  copper 
deficiency  in  vegetables  is  largely  confined  to  the  Portsmouth  soil  types 
and  to  peat  and  muck  but  in  Florida  copper  deficiency  frequently  occurs 
with  magnesium  deficiency  on  acid  sands.  Copper  is  present  in  most  plants 
in  quantities  up  to  100  parts  per  million,  and  in  many  agricultural  soils  up 
to  50  parts  per  million.  It  is  present  in  high  concentrations  in  mushrooms 
and  in  the  seeds  of  certain  plants.  It  is  readily  absorbed  by  soil  colloids 
but  because  it  is  a  weak  ion  it  is  easily  replaced  by  most  other  cations. 
Jamison  (1942)  found  that  copper  is  retained  by  the  soil  in  slowly  soluble 
or  slowly  replaceable  forms  which  prevents  ordinary  applications  of  copper 
sulfate  from  becoming  toxic  to  plants.  In  Table  91  is  given  the  copper 
contents  of  some  soils  of  the  Atlantic  Coastal  Plain  as  determined  by 
Holmes  (1943).  Copper  is  assimilated  by  animals  and  is  present  in  rather 
large  quantities  in  certain  forms  of  marine  life. 

The  function  of  copper  in  plant  nutrition  is  not  known.  Hoagland 
(1944)  suggests  that  copper  plays  a  role  in  the  synthesis  of  chlorophyll. 
Jacks  and  Scherbatoff  (1934)  think  that  the  chief  function  of  copper,  both 
in  the  plant  and  in  the  soil,  is  that  of  an  oxidizing  agent.  In  recent  years 
growth  abnormalities  of  many  plants  produced  on  peat  and  muck  soil, 
especially  those  that  contain  appreciable  quantities  of  ferrous  iron,  have 
een  corrected  by  the  application  of  copper  compounds.  McMurtrey  and 
Robinson  (1938)  think  that  some  of  the  beneficial  effects  derived  from  the 
application  of  copper  compounds  may  be  due  to  the  influence  of  copper 

^Crtlng  the.tOX1C  Sulfide  ion  of  Peat  soils,  and  Willis  and  Piland 
(1934-36)  suggest  that  copper  sulfate  may  serve  not  only  as  a  nutrient  but 
as  a  soil  amendment  which  decreases  the  availability  offfon  and  possiblv 
of  manganese.  According  to  Sommer  (1945)  much  more  copper  is  neces 
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Table  91 


Copper  and  Zinc  Contents  and  Other  Data  for  Profile  Samples  of  Soils  of 

the  Atlantic  Coastal  Plain 


S oil  Series 

Depth 

{Inches) 

Organic 
Matter 
{ Per  Cent) 

Clay 

{Per  Cent) 

PH 

Copper 

{p.p.m.) 

Zinc 

{p.p.m.) 

(  0-  6 

0.55 

5.0 

5.1 

18 

25 

Orangeburg . 

16-  30 

0.32 

47.1 

4.8 

22 

34 

(  80-100 

0.08 

27.7 

4.6 

20 

25 

j  0-10 

0.88 

7.9 

6.0 

25 

26 

Ruston . 

|  16-30 

0.31 

29-4 

5.0 

27 

28 

(  40-54 

0.17 

30.8 

4.8 

26 

27 

0-12 

0.89 

8.9 

5.1 

22 

31 

Norfolk . 

•  12-34 

0.40 

28.8 

4.6 

17 

22 

36-80 

0.24 

31-3 

4.6 

17 

22 

0-  5 

3.47 

8.0 

4.9 

18 

21 

Dunbar . 

{  5-12 

0.72 

11.6 

4.5 

19 

13 

1  16-28 

0.23 

21.8 

4.4 

18 

17 

0-  9 

4.39 

21.1 

4.3 

9 

25 

Coxville . 

26-34 

0.52 

40.8 

4.4 

8 

29 

44-66 

0.42 

44.9 

4.2 

6 

30 

j  0-8 

2.74 

25.5 

4.4 

10 

23 

Bladen . 

|  10-38 

0.64 

30.8 

4.3 

5 

23 

{  0-15 

7.00 

6.7 

4.1 

9 

31 

Portsmouth . 

J  15-35 

0.19 

15.2 

4.3 

10 

16 

\  50-60 

0.34 

15.3 

4.4 

10 

20 

16 

24 

Average . 

1  “ 

1 

1 

sary  for  the  correction  of  copper  deficiency  in  soils  of  high  humus  con¬ 
tent  than  in  soils  of  low  humus  content.  The  addition  of  copper  sulfate  to 
some  muck  soils  of  New  York  has  prevented  the  premature  dying  of 
onions  and  in  Florida  and  Holland  it  has  been  very  helpful  in  preventing 
so-called  ••reclamation  disease.”  Crop  response  to  copper  sulfate  has 
been  secured  in  Holland  when  crops  were  planted  on  newly  reclaimed 
moor  soils  and  on  the  peat  soils  of  Michigan  and  Delaware  in  this  country. 

McMurtrey  and  Robinson  (1938)  showed  that  the  upper  leaves  o 
copper-deficient  tobacco  plants  are  unable  to  maintain  their  turgor  and 
consequently  wilt  badly,  and  that  growth  is  reduced  in  proportion  to  the 
shortage  of  the  element.  In  some  plants  a  chlorosis  develops.  Allison, 
Bryan ^  and  Hunter  (1927)  secured  responses  in  growth  of  many  plant 
from  the  use  of  antimony,  barium,  copper,  nickel,  tin,  and  zinc,  but 
'  exceedingly  favorable  results  were  secured  from  the  use  of  copper. 
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Fig.  115.  Chlorotic  dieback  in  flax  near  Fargo,  N.  Dakota.  (Courtesy,  A.  C. 
Dillman,  H.  H.  Flor,  and  the  U.S.  Bureau  of  Plant  Industry.) 


Hill  and  Bryan  (1937)  reported  that  copper  is  deficient  for  optimum 
growth  of  mustard  on  many  soils  of  Florida. 

Application  of  Copper  Fertilizers 

When  used  with  the  proper  fertilizers  very  encouraging  results  have 
been  secured  from  applying  copper  sulfate  at  the  rate  of  75  to  200  pounds 
per  acre  to  the  sugar  cane  lands  of  the  Florida  Everglades.  Farmers  of 
Florida  and  California  commonly  apply  50  to  75  pounds  per  acre  of  copper 
sulfate  or  blue  vitriol  to  citrus  groves,  with  their  fertilizers,  as  a  remedy  for 
dieback.  Dieback  (Exanthema)  is  now  considered  to  be  a  physiological 
disease  resulting  from  an  insufficient  supply  of  copper.  Some  truck  growers 
in  New  York,  Florida,  and  Michigan  have  found  it  is  necessary,  in  order  to 
grow  lettuce  successfully  on  certain  soils  which  are  high  in  organic  matter, 
to  apply  copper  at  the  rate  of  25  to  50  pounds  of  copper  sulfate  per  acre. 

Toxic  effects  on  plants  from  excessive  copper  might  be  expected  in 
special  cases  where  the  acidity  of  the  soil  is  high.  McKaig,  Cams,  and 
Bowen  (1937)  have  reported  a  toxic  effect  secured  from  the  application  of 

.  nfcOPPer  SUlfatC  PCr  aCre  t0  s°ybeans  Sr°wn  on  Norfolk  sand  at 

m  fw  'atl°n  'he  S°U'h  Carolina  ExP«™eru  Station,  and  Lip- 
man  and  MacKinney  (1931)  found  oni-fourth  patt  pet  million  of  copper 
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to  be  distinctly  toxic  to  flax  and  barley  that  were  grown  in  solution 
cultures. 

It  may  be  found  inadvisable  to  mix  copper  salts  with  complete  ferti¬ 
lizers  for  cupric  phosphate  may  be  formed  and  this  phosphate  is  relatively 
unavailable.  It  may  prove  best  to  apply  copper  in  a  spray  directly  on  the 
plants. 

Zinc  an  Element  Essential  for  Plant  Growth 

Although  a  quarter  of  a  century  ago  Bertrand  suggested  that  zinc  was 
necessary  for  plant  growth,  only  during  recent  years  has  zinc  been  com¬ 
monly  accepted  as  essential.  Its  present  importance  to  the  agriculture  of 
Florida  has  been  shown  by  a  number  of  investigators.  The  quantity  of  the 
zinc  required  by  plants,  like  that  of  boron  and  copper,  is  not  great  and 
some  plants  either  require  less  than  others  or  are  better  able  than  others  to 
obtain  their  needs  from  the  same  environment.  As  zinc  does  not  undergo 
reversible  valance  changes,  its  functions  in  oxidation-reduction  systems 
must  be  less  direct  than  those  of  iron  and  manganese. 

Zinc  is  widely  distributed  in  small  quantities  in  soils,  plants,  and 
animals.  Soils  usually  show  from  5  to  50  parts  of  zinc  per  million,  but  the 
zinc  content  of  sandy  soils  is  usually  very  low.  In  the  Southeast,  zinc 
deficiency  is  more  often  noted  in  pecans  grown  on  upland  soils  than  in 
pecans  grown  on  the  flood  plains.  The  availability  of  zinc  declines  as  the 
pH  of  the  soil  rises.  The  critical  point  is  between  pH  5.5  and  6.5.  It  appears 
that  zinc  may  again  become  slightly  more  available  above  pH  7.85.  This 
‘may  be  due  to  the  inclusion  of  zinc  in  a  soluble  form  in  the  zincote  anion. 
Hibbard  (1940)  analyzed  140  samples  of  soils  and  rocks  of  central  Cali¬ 
fornia,  and  concluded  that  zinc  and  other  rarer  metals  are  accumulated  in 
the  surface  soil  by  the  action  of  vegetation.  Plant  parts  usually  show  1  to 
50  parts  per  million  of  zinc,  but  100  and  200  parts  and  more  have  been 
reported  Rogers  et  al.  (1939)  have  secured  data  which  indicate  that  weeds 
and  volunteer  grasses  are  able  to  secure  more  zinc  from  sods  that  are  low 
in  their  zinc  content  than  ate  the  plants  of  most  cultivated  crops.  Oysters 
and  animal  livers  are  usually  very  high  in  their  zinc  content 

Zinc  unlike  boron  and  like  copper,  is  absorbed  by  the  clay  acids  of  the 
nil  and  «  ta  a  part  of  it  is  held  in  an  exchangeable  fotm.  Zinc,  like 
"  „  be.  precipitated  in  insoluble  forms,  such  as  the  phosphate, 

C°henthe  reaction  of  the  soil  is  neutral  or  alkaline.  Alben  and  Boggs  (1936) 
have  reported  zinc  deficiency  to  be  more  prevalent  on  basic  soils  than  on 
acTd  sods.  Nevertheless,  zinc  deficiency  has  been  reported  in  citrus,  rung, 
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and  pecan  trees  growing  on  sandy  soils  of  Florida  which  are  slightly  to 
highly  acid  in  reaction.  Camp  (1945)  says  that  it  may  be  safely  concluded 
that  zinc  deficiency  occurs  to  some  degree  wherever  citrus  is  grown. 
Hoagland  (1944)  calls  attention  to  the  fact  that  zinc-deficiency  diseases 
are  generally  found  in  regions  of  high  summer  light  and  temperature,  and 
that  the  sunny  side  of  a  citrus  tree  is  usually  much  more  mottled  than  the 
shady  side.  Hoagland  also  cites  work  with  tomatoes  by  Strout,  showing 
better  zinc  assimilation  when  plants  were  grown  under  conditions  of 
reduced  light.  Zinc  appears  to  be  necessary  for  normal  chlorophyll  pro¬ 
duction  and  growth. 


Fig.  116.  Corn  plant  show¬ 
ing  symptom  of  zinc  deficiency. 
(Courtesy,  Florida  Agricultural 
Experiment  Station.) 


Fig.  117.  One 
method  of  apply¬ 
ing  zinc  sulfate  to 
pecan  trees.  (Cour¬ 
tesy,  American  Hor- 
ti graphs  and  Agro¬ 
nomic  Review.) 


Beginning  with  the  early  nineteen  thirties,  a  number  of  investigators 
reported  beneficial  effects  on  plant  growth  resulting  from  an  application 
of  zinc.  In  fact,  during  the  period  of  1931-1936  zinc  became  established 

Tnl  Pla"ient  and  as  a  valuable  fertilizer  and  spray  material.  Alben, 
Cole  and  Lew,  (1932  ,  Finch  and  Kinnison  (1934),  and  Alben  and  Boggs 

Baml  andW  '  Tf’f  fr0m  *  defide-V 

cZTa  “  ,T-  (  9?5)  'ikeWiSe  reP°rted  that  the  "white  bud”  of 

reported  ?  d  1  ^ °f  "nC  Thorne>  Laws’  and  Wallace  (1942)  have 
reported  widespread  symptoms  of  zinc  deficiencies  in  Utah  on  sweet 
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cherries,  apricots,  peaches,  apples,  and  plums.  Other  investigators  have 
reported  that  the  bronzing  of  tung  oil  trees,  the  yellows  of  walnut  trees,  the 
mottle  leaf  of  citrus,  the  rosette  of  apple,  abnormal  leaves  of  pineapple 
plants,  and  the  little  leaf  of  the  stone  fruits  and  grapes,  appeared  to  be  due 
to  a  deficiency  of  zinc,  and  often  appear  on  soils  that  have  been  overlimed 
or  where  there  has  been  a  reduction  in  the  use  of  proteid  organic  commer¬ 
cial  fertilizers.  Zinc  deficiency  in  tobacco  is  usually  manifested  by  the  devel¬ 
opment  of  dead  spots  all  over  the  leaf,  and  not  specifically  at  the  tips  and 
margins.  Early  (1943)  has  reported  a  varietal  difference  in  susceptibility 
of  soybeans  to  zinc  toxicity.  Chandler  (1937)  after  reviewing  the  extensive 
literature  on  the  subject,  suggested  that  the  diseases  referred  to  above  be 
called  "zinc  deficiency.’’ 


Application  of  Zinc  Fertilizers 

The  application  of  zinc,  usually  in  the  form  of  zinc  sulfate,  has  been 
recommended  to  correct  zinc  deficiency.  For  the  control  of  pecan  rosette 
Alben  and  Boggs  (1936)  recommend  three  or  four  applications  of  a  spray 
made  of  1  pound  of  zinc  sulfate  in  50  gallons  of  water.  Citrus  trees  may  be 
sprayed  with  a  spray  made  of  5  pounds  of  zinc  sulfate,  2.5  pounds  of 
hydrated  lime  and  50  gallons  of  water.  In  general,  sprays  are  more  reliable 
than  soil  treatment.  Dickey  and  Blackmon  (1940)  were  able  to  correct 
little  leaf  of  peaches  either  by  applying  the  zinc  sulfate  as  a  spray  or  as  an 
application  to  the  soil.  Beneficial  results  have  also  been  secured  by  or- 
chardists  through  the  application  of  }  '2  pound  of  dry  zinc  sulfate  in  small 
concentrated  areas  around  trees  suffering  from  zinc  deficiency.  This 
amount  may  seem  large  but  zinc  appears  to  be  subject  to  several  types  of 
soil  fixation.  Hoagland  (1944)  thinks  that  it  may  be  fixed  in  the  crystal 
structure  of  soil  colloids.  The  driving  of  zinc  wedges  into  the  trunks  of 
trees  near  the  foliage  has  proved  a  favorable  influence  when  the  trees 
showed  signs  of  zinc  deficiency,  a  fact  which  would  indicate  that  the  trees 
were  using  the  element  as  a  nutrient.  Reed  (1941)  has  demonstrated  that 
zinc  deficiency  has  a  special  effect  in  inhibiting  seed  formation  and 

Toxic  influences  of  zinc  may  be  expected,  especially  on  acid  soils,  from 
a  too  large  application  of  a  soluble  zinc  salt.  Toxic  effects  on  plants  grown 
in  water  cultures  have  been  abundantly  proved.  Zinc  leaf  injury,  or  c  oro 
sis  would  suggest  an  iron  deficiency,  and  it  would  seem  that  the  various 
metals  do  not  act  entirely  independently  in  the  plant.  McKaig,  Cams,  and 
Bowen  (1937)  have  reported  a  toxic  effect  on  soybeans  rom  an  pp 
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of  75  pounds  of  zinc  sulfate  per  acre  when  grown  on  Norfolk  sand.  Dickey 
and  Blackmon  (1940)  secured  a  toxic  injury  to  peach  trees  resulting  from 
an  application  of  5  pounds  of  zinc  sulfate  per  tree.  There  is  no  evidence  of 
immobilized  or  inactive  zinc  within  the  plant. 

Just  why  it  is  necessary  to  make  such  heavy  applications  of  zinc  sulfate 
as  have  been  reported  by  many  investigators  is  not  thoroughly  understood, 
but  as  explained  above  it  is  probably  due  to  clay  crystal  fixation.  Cooper 
(1945)  thinks  that  zinc  compounds  applied  to  some  soils,  as  Norfolk, 
Blanton  and  Eustis,  combine  with  organic  compounds  and  become 
unavailable.  Gall  and  Barnette  (1940)  have  been  able  to  show  that  the 
application  of  lime  to  a  soil  definitely  increases  the  concentration  at  which 
replaceable  zinc  becomes  injurious  to  crops. 

Molybdenum  an  Element  Essential  for  Plant  Growth 

The  essential  character  of  molybdenum  for  barley  was  demonstrated 
by  Arnon  in  1937,  and  for  tomatoes  by  Arnon  and  Stout  in  1939. 
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Fertilizers  Carrying  Elements  Not  Accepted 
as  Essential  for  Plant  Growth 


Among  the  so-called  nonessential  elements  that  have  been  reported  by 
investigators  to  have  a  beneficial  influence  on  plant  growth  and  arranged 
in  ascending  order  of  atomic  weights  are  lithium,  beryllium,  boron, 
fluorine,  sodium,  aluminum,  silicon,  chlorine,  titanium,  vanadium,  chro¬ 
mium,  manganese,  iron,  cobalt,  nickel,  copper,  zinc,  gallium,  germanium, 
arsenic,  selenium,  bromine,  rubidium,  strontium,  yttrium,  silver,  tin, 
iodine,  cesium,  barium,  lanthanum,  cerium,  praseodymium,  neodymium, 
samarium,  scandium,  europium,  gadolinium,  terbium,  dysprosium,  er¬ 
bium,  ytterbium,  gold,  mercury,  thallium,  lead,  radium,  thorium,  and 
uranium.  Research  data  are  available  which  would  indicate  that  many  of 
these  elements  may  be  beneficial  to  plant  growth.  A  few  of  them  are 
absorbed  in  large  amounts  by  many  plants,  for  example,  aluminum  by  the 
sweetleaf,  barium  by  the  brazilnut,  and  the  rare  earths  by  the  hickory, 
while  others  appear  to  be  absorbed  only  in  minute  quantities.  Robinson 
(1943)  found  exchangeable  rare  earths  in  many  soils  and  plants.  It  would 
be  expected  that  the  rare  earths  would  remain  in  the  soil  more  tenaciously 
than  the  common  elements,  as  they  lie  at  the  end  of  the  exchange  series 
and  will  readily  replace  even  barium  in  the  soil  colloidal  complex.  Alu¬ 
minum,  arsenic,  barium,  chromium,  fluorine,  lead,  molybdenum,  sele¬ 
nium  and  thallium  have  been  shown  to  be  toxic  to  plants  or  amma  s  at 
relatively  low  concentrations.  Trelease  and  Trelease  (1938)  however,  sug¬ 
gest  that  selenium  may  be  essential  to  plants.  Slater,  Holmes  and  Byers 
(1937)  concluded  from  an  extensive  study  of  soils  secured  from  various 
erosion  experiment  stations  that  the  distribution  of  the  trace  elements 
those  elements  usually  present  in  very  small  quantities  in  the ^e  S 
including  the  essential  elements  boron,  copper  and  zinc-was  very  ex 
sive  They  concluded  also  that  the  total  absence  of  these  elements  from 
any  soil  was  improbable.  Lrkewise,  Gaddum  and  Rogers  (1936)  found  as 
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result  of  spectrographic  analyses  that  trace  elements  are  present  in  many 
fertilizer  materials.  The  phosphatic  materials,  hardwood  ashes  and  the 
insoluble  organic  nitrogen  sources  contained  the  greatest  variety  of  trace 
elements.  It  appears  not  altogether  improbable  that  further  research  will 
show  that  some  of  these  elements  are  essential  for  field  and  horticultural 
crops.  Many  may  be  incorporated  purposely  in  the  complete  fertilizers  of 
the  future  which  are  designed  for  specific  crops  and  soils.  The  elements 
that  have  attracted  the  greatest  attention  of  plant  physiologists  are  sodium, 
chlorine,  and  silicon. 


Influence  of  Sodium  on  Plant  Growth 


While  sodium  has  not  yet  received  complete  acceptance  as  an  element 
essential  for  plant  growth,  it  is  known  to  have  an  influence  on  cell  turgor 
and  to  influence  plant  metabolism.  It  is  essential  to  animal  life  and  perhaps 
to  marine  plant  life. 

There  is  rather  general  agreement  among  agricultural  authorities  that 
sodium  is  valuable:  (l)  as  an  essential  element  for  certain  plants;  (2)  as  a 
substitute  for  potassium  in  certain  functions  in  all  plants;  (3)  as  an  alkaline 
agent  to  reduce  acidity  in  humid  climates;  and  (4)  as  an  agent  to  main¬ 
tain  a  high  degree  of  availability  of  phosphate  applied  to  the  soil  as 
superphosphate. 


Many  European  and  American  investigators  have  reported  an  increase 
in  the  yields  of  crops  resulting  from  an  application  of  sodium  salts.  Re¬ 
sults  secured  by  Hartwell  and  Wessels  (1913)  and  by  Hartwell  and  Damon 
(1919),  at  the  Rhode  Island  Experiment  Station,  would  indicate  that 
sodium  may,  to  a  limited  extent,  replace  potassium  in  certain  plants. 

The  partial  substitution  of  one  nutrient  element  for  another  in  plant 
metabolism  has  been  noted  by  many  investigators.  Cooper  (1930)  be¬ 
lieves  that  one  element  may  be  substituted  for  another  in  nutrition  in 
several  ways:  (l)  by  substituting  as  an  actual  constituent  of  a  specific 
organic  compound;  (2)  in  oxidation-reduction  reactions;  and  (3)  as 
catalytic  agents.  Cooper  thinks  that  the  possibilities  of  substitution  in  the 
two  latter  cases  are  probably  much  greater  than  in  the  first;  also,  that  the 
extent  of  the  possible  substitution  will  probably  vary  with  the  plant  and 
properties  of  the  elements  involved.  As  pointed  out  by  Collander  (1941) 

some  10ns  closely  related  chemically  act  almost  like  isotopes  in  their 
absorption-interrelations. 

c^tT  and  Va‘Ue  °f  S°dium  in  plant  nutrition  has  received  in¬ 
creasing  attention  in  tecent  yeats.  Volk  (1945)  tepotts  that  greenhouse 
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experiments  conducted  with  cotton,  oats,  wheat,  sugar  beets,  vetch,  Aus¬ 
trian  winter  peas,  and  turnips  definitely  show  that  sodium  is  necessary  as  a 
plant  food  element  in  order  to  obtain  maximum  production.  He  found  the 
response  to  sodium  was  most  pronounced  when  potash  was  deficient 
but  that  high  amounts  of  potash  did  not  eliminate  the  beneficial  effects  of 
the  sodium. 

Russell  (1945),  reporting  on  the  famous  Broadbalk  wheat  experiments 
at  the  Rothamsted  Station,  England,  says  the  tests  showed  quite  clearly 
rhat  rhe  sodium  had  a  good  effect  on  wheat.  Analysis  revealed  that  the 
sodium  nitrate  had  increased  the  uptake  of  potash  of  the  plant,  which 
might  be  taken  to  mean  that  it  facilitated  the  absorption  of  potash  by  the 
roots.  Further  evidence  that  sodium  is  essential  was  provided  by  Holt  and 
Volk  (1945),  who  reached  the  conclusion  that  "the  substitution  of  other 
forms  of  nitrogen  in  place  of  sodium  nitrate  as  a  source  of  nitrogen  for 
sandy  soils,  may  in  time  necessitate  the  addition  of  sodium  in  some  form  to 
obtain  maximum  yields  of  crops.”  They  further  concluded  that  plants 
vary  in  their  need  for,  and  capacity  to  utilize,  sodium,  and  that  sodium  can 
be  substituted  for  calcium  to  some  extent. 


Presence  of  Sodium  in  Soils  and  Plants 

Sodium  is  a  constituent  of  nearly  all  soils  and  especially  of  soils  near 
the  seacoast.  The  common  soil-forming  minerals,  orthoclase,  plagioclase, 
diorite,  and  the  plagioclase  feldspars,  carry  sodium  to  the  extent  of  1.5 
to  6.0  per  cent.  Most  minerals  that  carry  sodium  are  readily  eroded,  and  in 
humid  climates  most  of  the  sodium  that  is  converted  into  soluble  com¬ 
pounds  is  carried  to  the  sea  in  drainage  water.  As  sodium  salts  are  readily 
leached  from  the  soil,  humid  soils  contain  a  smaller  percentage  of  sodium 
than  semiarid  or  arid  soils.  In  alkali  soils  sodium  carbonate,  so-called 
black  alkali,  is  very  prevalent,  and  in  some  soils  the  percentage  of  this 

salt  is  so  high  that  crops  cannot  be  grown. 

Chemical  determinations  have  shown  that  most  plants  contain  sodium. 
As  might  be  expected,  the  amount  of  sodium  in  plants  varies,  not  only  with 
the  kind  of  plant,  but  also  with  the  amount  of  sodium  in  the  soil  in  which 
the  plant  is  grown.  Plants  grown  on  soils  that  have  a  high  sodium  content 
always  contain  a  higher  percentage  of  sodium  than  similar  plants  grown  on 
soils  that  have  a  low  sodium  content.  As  a  general  rule  plants  that  are 
grown  near  the  sea  contain  a  higher  percentage  of  sodium  than  P  'h 
fre  grown  farther  inland.  This  may  be  explained  by  the  fact  that  small 
amounts  of  salt  sea  spray  are  blown  inland  by  sea  breezes. 


Plant  Response  to  Sodium  Salts 
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Fig.  118.  Influence  of  sodium  applied  to  a  potash  deficient  soil.  {Left)  Sodium 
nitrate.  {Right)  Calcium  nitrate.  (Courtesy,  South  Carolina  Agricultural  Experi¬ 
ment  Station.) 


Plant  Response  to  Sodium  Salts 

When  sodium  is  applied  purposely  as  a  fertilizer,  it  is  generally  applied 
in  the  form  of  common  salt  or  sodium  chloride.  For  many  years  common 
salt  has  been  used  as  a  fertilizer  in  some  sections  of  Europe.  Where  used, 
it  is  customary  to  make  top  dressings  to  such  crops  as  mangels,  potatoes, 
and  barley  at  the  rate  of  200  to  300  pounds  of  salt  per  acre.  Mangolds, 
sugar  beets,  and  asparagus  respond  markedly  to  dressings  of  sodium 
chloride,  and  Lehr  (1941)  thinks  that  sodium  is  an  almost  indispensable 
element  for  beets,  approaching  potassium  in  importance.  Nevertheless  it 
should  not  be  overlooked  that  in  those  cases  where  increased  yields 
have  been  reported  from  the  application  of  sodium  chloride,  that  chlorine 
may  have  been  responsible  in  part  for  the  increase. 

At  the  Vermont  Experiment  Station,  Jones  and  Orton  (1897)  observed 
a  marked  increase  m  the  growth  of  meadow  fescue  following  an  application 
of  3000  pounds  of  sodium  chloride  per  acre  that  had  been  applied  to  kill 
hawk  weed  and  Shelton  (1889),  of  the  Kansas  Experiment  Station  has 
reported  a  4-bushel  increase  of  wheat  following  an  application  of  300 
pounds  per  acre.  Likewise,  Gardner  (1931)  of  the  Mini  •  p  . 

*■?*>»  «•—  -  c  ;rrr 

.pptcion  Of  5(0  pound,  of  sodium  ohlorido  po,  acre.  B.mmm  (ipp,,. 
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Influence  of  Sodium  Chloride  on  the  Yield  of  Irish  Potatoes. 
Average  of  3  Yrs.  at  Orley  and  l  Yr.  at  Norfolk,  Virginia 


Fertilizer  Treatment 

Sodium 
Chloride 
per  Acre, 
(lbs.) 

Early  Harvest 
Marketable 
Potatoes  per 
Acre  ( bu .) 

Late  Harvest 
Marketable 
Potatoes  per 
Acre  (bu.) 

f'omplere  fertilizer . 

2000 

304.8 

333.3 

Cnmplere  fertilizer . 

1500 

285.8 

304.2 

C* nmnlpfp  ferfili7er . 

1000 

300.0 

338.2 

("nmnlere  fertilizer . 

500 

270.1 

294.2 

f^nmnlere  ferfili7.er . 

None 

231.9 

266 . 6 

working  at  the  New  Jersey  Experiment  Station,  conducted  both  pot  and 
field  tests  with  sodium  chloride  and  concluded  that  while  under  certain 
conditions  sodium  chloride  may  be  a  proper  amendment  to  certain  ferti¬ 
lizers  yet  the  cost  and  time  necessary  for  the  application  of  the  salt  would 
offset  any  small  increases  to  be  expected  from  its  application.  At  the 
Virginia  Truck  Experiment  Station,  which  is  located  in  the  Atlantic  coastal 
plain,  Johnson  (1924)  secured  marked  increases  in  the  yield  of  Irish 
potatoes  when  sodium  chloride  was  used  in  addition  to  a  complete  ferti¬ 
lizer.  These  results  are  given  in  Table  92. 

Harmer  and  Benne  (1945)  classified  crops,  with  reference  to  their 

response  to  sodium,  in  the  presence  of  a  deficiency  and  in  the  presence  o  a 
sufficiency  of  potash.  Their  results  are  given  in  Table  93- 

Loew  (1901),  of  the  Bureau  of  Plant  Industry,  concluded  that  common 
salt  has  a  depressive  effect  on  photosynthetic  processes  and  as  a  result  may 
decrease  the  percentage  of  sugar  in  sugar  beets  and  the  percentage  o 
starch  in  potatoes.  This  influence  which  Loew  noted  is  probably  due  to  the 
chlorine  In d  not  to  the  sodium.  Harmer  and  Benne  (1945)  cone  uded  t  at 
sodium  appears  to  have  definite  functions  which  it  can  best  fulfill  in  th 
presence  of  ample  potash.  This  is  evident  in  improved  vigor,  disease 

resistance  and  decreased  wilting  in  hot,  dry  weather. 

It  is  generally  overlooked  that  sodium,  in  the  form  o  sodium  nitrate 
as  w  ,TaSs  m  the  form  of  impurities  in  low-grade  PO-  salts,  >s  ^d 
extensively  to  the  soils  of  the  fertilizer  using  sections  of  the  United I  »«** 
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Table  93 


Effect  of  Sodium  Applied  as  a  Nutrient  on  Several  Crops 


Number 

Degree  of  Benefit  in 

Deficiency  of  Potash 

Degree  of  Benefit  in  Sufficiency  of  Potash 

1.  None  to  very 
slight 

2.  Slight  to  medium 

3.  Slight  to  medium 

4.  Large 

1 

Buckwheat 

Asparagus 

Cabbage 

Celery 

2 

Corn 

Barley 

Celeriac 

Mangel 

3 

Lettuce 

Broccoli 

Horseradish 

Sugar  beet 

4 

Onion 

Brussels  sprouts 

Kale 

Swiss  chard 

5 

Parsley 

Caraway 

Kohlrabi 

Table  beet 

6 

Parsnip 

Carrot 

Mustard 

Turnip 

7 

Peppermint 

Chicory 

Radish 

8 

Potato 

Cotton 

Rape 

9 

Rye 

Flax 

10 

Soybean 

Millet 

11 

Spinach 

Oat 

12 

Squash 

Pea 

«  .  . 

13 

Strawberry 

Rutabaga 

14 

Sunflowers 

Tomato 

15 

White  bean 

Vetch 

16 

Wheat 

Carolina  Sand  Hill  Experiment  Station  is  shown  in  the  illustration  on 
p.  329. 

The  yields  of  wheat  on  the  sodium  sulfate  plats  of  Broadbalk  field  at 
the  Rothamsted  Experiment  Station,  for  the  first  50  years  of  the  experi¬ 
ment,  were  about  as  great  as  the  yields  on  the  potassium  sulfate  plats. 
During  more  recent  years,  however,  the  yields  of  the  sodium  plats  have 
decreased  more  than  the  yields  of  the  potassium  plats.  This  is  due,  proba¬ 
bly,  to  the  fact  that  all  the  absorbed  potassium  which  was  held  by  the  soil 
colloids  has  been  substituted  by  sodium  during  the  earlier  years,  and  that 
crop  demands  in  recent  years  for  potassium  could  not  continue  to  be  met. 

Cooper  (1941)  concluded  that  after  the  addition  of  about  20  to  25 
pounds  of  potash  to  the  soil,  sodium  may  be  almost  as  effective  as  addi¬ 
tional  potash  in  increasing  the  yields  of  cotton  on  many  cotton  soils, 
en-year  results  reported  by  Cooper  and  Garman  in  1942  show  that  at  all 
eve  s  of  potash  fertilization  the  plats  receiving  sodium  produced  more 
seed  cotton  per  acre  than  those  not  receiving  sodium.  Similar  results  with 
seven  other  crops  have  been  reported  by  Harmer  and  Benne  (1945)  and 

ttoin  S  T  S1Ven,m  Table  94'  Harmer  and  Benne  (!945)  concluded 
in  sugar  beets  and  celery  the  total  miUiquivalent  content  of  the  four 
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Table  94 

Effect  of  Ordinary  Salt  (Sodium  Chloride),  When  Applied  with  Different 
Amounts  of  Potash,*  on  Yields  of  Several  Crops  Grown  on  Michigan 

Organic  Soil 


Yield  per  Acre 


Fertilizer 
Analysis ,* 
800  lbs. 
per  Acre 
Applied 
Annually 

Annual 

Salt 

Applica¬ 
tion  per 
Acre 

Swiss 
Chard 
{Above 
Ground ) 
Ave. 

2  yrs. 

Table 

Beets 

{Roots) 

Sugar 

Beets 

{Roots) 

Ave. 

3  yrs. 

Cabbage 

{Solid 

Heads) 

Ave. 

3  yrs. 

Parsnips 

{Roots) 

Ave. 

2  yrs. 

Carrots 

{Roots) 

Ave. 

2  yrs. 

Potatoes 

{Tubers) 

Ave. 

3  yrs. 

lbs. 

tons 

tons 

tons 

tons 

tons 

tons 

bul 

0-12-0 

0 

8.5 

2.6 

3.3 

5.6 

4.9 

16.0 

109 

0-12-0 

600 

20.1 

5.3 

5.6 

7.0 

4.8 

15.2 

110 

0-12-24 

600 

30.9 

13.7 

11.5 

15.5 

10.1 

22.6 

175 

0-12-12 

600 

30.0 

12.3 

11.2 

14.4 

92 

22.0 

175 

0-12-6 

0 

25.5 

9-9 

90 

14.2 

10.0 

23.7 

182 

*  German  potash  used  in  the  mixtures  was  KC1,  containing  50  per  cent  K;0,  and  approximately  10  to 
12  per  cent  NaCl  as  an  impurity. 


bases,  potassium,  sodium,  calcium,  and  magnesium  remains  fairly  uni 
form  whether  or  not  sodium  is  applied  as  an  additional  nutrient. 


Influence  of  Chlorine  on  Plant  Growth 

Analyses  of  most  crops  will  reveal  that  the  chlorine  content  of  plants  is 
higher  than  that  of  either  phosphorus  or  sulfur.  Although  it  has  long  been 
known  that  under  some  conditions  chlorides  may  have  a  beneficial  influ¬ 
ence  on  crop  yield,  positive  proof  that  chlorine  is  an  essential  element  for 
plant  growth  has  not  been  secured.  Beneficial  effects  of  chlorine  have  been 
noted  on  asparagus,  buckwheat,  cotton,  potatoes,  tobacco,  and  tomatoes. 
Symptoms  of  chlorine  deficiency  lack  distinctiveness,  and  Haas  (1945 
concluded  that  there  appears  to  be  no  threshold  concentration  below 
which  chlorine-sensitive  crops  are  uninjured  by  sodium  chloride. 

Chlorine  appears  to  cause  earlier  death  of  plant  leaves  and  in  genera 
Chlor  pp  Ae  effcct  of  chlorine  is  to 

to  hasten  maturation.  Resell  (1932)^  ^  e  of  ^  leaf  on  hot 

S' He  beTeves  that  since  mangolds,  sugar  beets,  and  barley  are  tolerant 
o  high  emte  atures,  this  may  explain  the  benefit  they  derive  from  the  u 
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applications  of  chlorine.  According  to  Garner  et  al.  { 1930),  chlorine 
appears  to  have  an  important  influence  on  water  relations  in  the  plant 
tissue.  He  states  that  under  conditions  of  comparative  drouth,  chlorine 
appears  to  prevent  destructive  desiccation  of  the  leaf  tissue.  When  large 
quantities  are  absorbed  the  chlorine  may  induce  such  an  increase  in  the 
water  content  of  the  tissue  that  carbohydrate  metabolism  may  be  disturbed 
and  growth  retarded.  Gradient  distribution  of  chlorine  has  been  observed 
in  tobacco  and  in  avocados.  There  is  some  evidence  to  indicate  that  the 
presence  of  chlorine  in  the  soil  may  bring  about  an  increase  in  the  absorp¬ 
tion  of  magnesium  by  the  plant. 

Garner  and  many  other  investigators  have  shown  that  excessive 
amounts  of  chlorine  may  affect  adversely  the  quality  of  the  cured  tobacco 
leaf,  for  chlorine  tends  to  retard  combustion.  A  tobacco  committee  of 
southern  agronomists  recommends  that  tobacco  be  fertilized  with  not 
more  than  20  pounds  of  chlorine  per  acre  but  this  amount  seems 
necessary  for  the  best  development  of  the  crop  and  the  production  of  the 
highest  yields.  Karraker  (1932)  has  shown  that  25  pounds  of  chlorine 
in  the  form  of  muriate  of  potash  had  no  injurious  effect  upon  white 
Burley  tobacco  grown  at  the  Kentucky  Experiment  Station.  Skinner  (1931) 
secured  results  showing  that  when  fertilizer  mixtures  carrying  as  much  as 
112  pounds  of  chlorine  per  acre  were  applied,  the  yields  of  cotton  were 
reduced  when  grown  on  a  number  of  soil  types  in  North  Carolina.  C.  B. 
Lipman  (1938)  reported  that  chlorine  definitely  benefited  the  growth  of 
buckwheat  and  peas. 

Collison  and  Mensching  (1932)  found  that  at  Geneva,  New  York,  16 
pounds  of  chlorine  is  added  to  the  soil  annually  through  precipitation. 
Russell  (1932)  has  reported  an  annual  addition  in  precipitation  of  10  to  24 
pounds  at  the  Rothamsted  Experiment  Station. 

Influence  of  Silicon  on  Plant  Growth 

Many  plants  contain  silicon  and  in  some  plants  the  percentage  has 
been  reported  to  be  as  high  as  40  per  cent  ash  in  cereal  straws  to  70  per 
cent  ash  in  the  scouring  rushes.  This  is  not  surprising  when  it  is  recalled 
that  with  the  exception  of  oxygen,  soils  contain  a  larger  amount  of  silicon 
than  of  any  other  element.  Silicon  is  not  accepted  as  an  element  essential 
tor  plant  growth  for  apparently  plants  may  be  grown  to  maturity  in  media 
that  are  free  of  this  element.  Just  what  functions,  if  any,  silicon  may  per- 
torm  m  the  plant  ,s  not  known.  Silicon  is  known  to  alter  the  structure  of 
certain  plants.  It  was  formerly  thought  that  silicon  added  stiffness  to  the 
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culms  of  grasses,  but  this  view  is  not  held  by  Russell  (1932).  C.  B.  Lipman 
(1938)  found  that  the  seed  production  of  sunflowers  and  barley  was  defi¬ 
nitely  benefited  by  the  presence  of  silicon  in  the  culture  medium,  and 
similar  results  have  been  secured  by  Toth  (1939)  with  rape,  barley,  and 
sudan  grass.  Cooper  (1930)  found  a  negative  correlation  between  the  con¬ 
tent  of  phosphorus  and  silicon  in  pasture  plants.  These  results  would 
appear  to  indicate  that  silicic  acid,  or  its  salts,  play  a  role  in  nutrition. 

Hall  and  Morison  (1906),  summarizing  the  40-year  results  secured 
from  plats  at  the  Rothamsted  Experiment  Station,  which  had  been  treated 
with  soluble  silicates,  concluded  that  the  presence  of  silicates  increased 
the  assimilation  of  phosphoric  acid  but  that  there ‘was  no  evidence  that 
the  functions  of  phosphorus  in  the  plant  could  be  replaced  by  silicon. 
On  the  other  hand,  Brenchley  (1927),  of  the  same  station,  thinks  that 
silicon  may  serve  in  the  plant  as  a  partial  substitute  for  phosphorus. 
Scarseth  (1935)  has  reported  that  sodium  silicate  produced  a  growth  of 
plants  without  a  phosphatic  fertilizer  almost  equal  to  that  produced  on  a 
phosphate-fertilized  soil.  The  soil  was  a  very  acid,  heavy  clay  with  a  silica- 
sesquioxide  ratio  of  2.3.  Raleigh  (1945)  secured  better  growth  of  beets 

when  they  were  supplied  with  silicon. 

There  is  a  physical  influence  of  silicon  in  soils  that  should  not  be  over¬ 
looked.  The  capacity  of  the  mineral  fraction  of  a  soil  to  hold  fertility  is 
largely  determined  by  its  clay  minerals.  The  higher  the  percentage  of 
silicon  in  the  clay,  the  greater  the  ionic  exchange  capacity  and  the  maxi¬ 
mum  fertility  level  of  the  soil.  Montmorillonite  contains  twice  the  silicon 
content  of  kaolinite,  and  has  an  ionic  exchange  capacity  ten  times  the 
value  of  kaolinite.  For  this  reason  the  saturated  fertility  level  of  the  soils  o 
the  North  and  West,  that  contain  a  high  montmorillonite  content,  is 
much  higher  than  the  soils  of  the  South  whose  percentage  clay  fraction  of 

kaolinite  is  higher. 


Influence  of  Aluminum  on  Plant  Growth 

Aluminum  has  been  repotted  in  plants  to  be  as  high  as  70  per  cei't 
the  ash.  Its  absorption  appears  to  be  a  regional 

to  a  large  extent  on  climatically  determined  soil  types.  The  native  vegeta 
“on  ofToil  types  that  are  high  in  aluminum  consists  of  aluminum  tolerant 

5pe  Some  botanists  have  concluded  that  there  is  a  gradient  in  the  aluminum 
content  of  plants,  the  amount  falling  off  from  root  to  leaf.  This  ,s  proba 
bly  true  for  many  plant  species  that  grow  on  heavy  acid  soils. 
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Use  of  Cobalt  as  a  Fertilizer 

Hutchinson  (1945)  believes  that  aluminum  is  an  essential  element  in 
the  production  of  ferns.  He  also  believes  that  the  relative  unimportance  of 
aluminum  in  organisms  is  due  to  its  low  solubility  in  neutral  solutions. 
Aluminum  in  feeds  is  excreted  in  the  feces  of  animals,  although  a  part  may 
be  concentrated  in  the  bile. 

Soluble  aluminum  is  often  present  in  acid  soils.  It  is  toxic  to  plants  and 
may  be  precipitated  by  applying  lime  or  soluble  phosphates. 

Use  of  Radium  as  a  Fertilizer 

Because  it  was  early  shown  that  radium  might  affect  the  physiological 
processes  of  plants,  it  was  thought  by  many  that  radium  salts,  as  well  as  ore 
tailings  containing  minute  quantities  of  radium,  might  be  used  advan¬ 
tageously  as  a  fertilizer.  However,  Hopkins  and  Sachs  (1915)  showed  that 
radium  applied  as  radium  barium  chloride  and  radium  barium  sulfate  at  a 
cost  of  $1,  $10,  or  $100  per  acre  produced  no  effect  upon  crop  yields  either 
the  first  or  second  season.  Similar  results  have  been  reported  since  that 
time  by  other  invesigators. 

Use  of  Cobalt  as  a  Fertilizer 

Mitchell  (1945)  believes  that  a  cobalt  content  of  0.08  p.p.m.  in  herbage 
is  necessary  to  insure  animal  health.  According  to  Askey  (1939)  cobalt 
pining  in  animals  can  be  prevented  by  top-dressing  pastures  with  cobalt- 
ized  superphosphate  at  the  rate  of  2  pounds  of  the  cobalt  salt  per  acre. 
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Adjusting  Soil  Reaction  and  Fertilizer 
Practice  to  Crop  Requirement 


The  availability  of  soil  nutrients  is  influenced  to  a  very  great  extent  by 
the  reaction  of  the  soil  and  by  the  soil  management  practices  followed  by 
the  farmer.  The  acidity  of  the  soil  governs  in  part  the  intake  of  ions  and  as 
a  result  the  concentration  of  a  nutrient  which  might  be  sufficient  at  one 
degree  of  acidity  may  be  insufficient  at  another.  This  has  been  shown  by 
the  work  of  Albrecht  and  Schroeder  (1942)  in  Missouri.  The  increased 
growth  of  crops,  secured  from  the  employment  of  good  soil  management 
practices,  is,  in  most  cases,  due  to  an  increase  of  available  soil  nutrients 
resulting  from  these  practices.  In  other  words,  the  problems  of  soil  man¬ 
agement  are  largely  those  which  center  around  the  problems  of  nutrient 

availability. 


How  Soil  Reaction  is  Expressed 

So, Is  may  be  spoken  of  as  being  acid,  neutral  (sweet)  or  basic  (alka- 
line)  in  react, on.  Soils  contain, ng  an  excess  of  acid  matet.als  are  said  to  be 
2  in  react, on,  wh„e  sods  contaming  an  excess  of  basic  =U«e 
said  to  be  basic  or  alkaline  in  reaction.  If  the  quant, ties  of  acd.c  and  bas.c 
matenals  are  equal  the  soil  is  sa,d  to  be  neutral.  Farmers  often  re  er  to  a 
soil  as  being  "sweet”  when  the  soil  has  a  reaction  near  the  neutral  pome 
Thl  degtec'of  acid.ty  or  bas.city  depends  upon  the  excess  quant, ty  of 

basic  or  acidic  materials  present.  exnressing 

Briefly,  the  method  commonly  used  ,n  ‘"“T'a  values.  The  term 

degrees  of  acidity  or  alkalinity  >n  soi  s  'S  '"  “™^ithout  explanation  of  its 
pH  which  is  now  in  common  use  was  1  j  The  scale  for  measuring 
derivation  by  a  Danish  These  values  represent 

Se  iTgXs  of  the  reciprocals  of  the  hydrogen-ion  concentrations  o 
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the  soil  solution  at  different  soil  reactions.  A  pH  value  may  be  expressed 
mathematically  as: 

1 

PH  =  Log.  (H+) 

The  scale  is  centered  on  pH  7.0  which  represents  neutrality.  Values  from  7 
to  1  represent  the  acid  range  and  values  from  7  to  14  the  alkaline  range. 
Because  pH  values  are  logarithmic  there 
are  some  disadvantages  to  their  use  by  the 
farmer.  In  addition,  pH  values  express 
alkalinity  as  well  as  acidity  in  terms  of 
H-ion  concentration,  and  this  may  be 
confusing  to  persons  who  are  not  chemists. 

Again,  the  change  in  the  H-ion  concentra¬ 
tion  as  represented  by  pH  values  is  geo¬ 
metric  and  not  arithmetic,  which  is  the 
common  method  of  thinking.  For  instance, 
there  are  nine  acid  units  between  pH  6  and 
7,  90  between  pH  5  and  6,  900  between  pH 
4  and  5,  etc.,  and  this  fact  is  often  over¬ 
looked  even  by  many  who  commonly 
use  pH  values  to  express  degrees  of  soil 
acidity. 

When  pH  values  are  used  it  must  be 
kept  in  mind  also  that  they  represent  only 
the  amount  of  H-ions  or  free  acidity  in  the 
soil  solution,  and  that  they  are  not  an 
index  of  the  quantity  of  potential  or  com¬ 
bined  acidity  that  may  be  in  the  soil.  In 
other  words,  pH  values  represent  the 
intensity  of  acidity  rather  than  the  quantity,  and  therefore  soils  with  the 
same  pH  value  may  require  different  amounts  of  lime.  Clays,  silts,  and 
sands  having  the  same  pH  value  will  vary  as  to  the  amounts  of  their 
potential  acidity,  and  as  a  consequence  must  be  limed  with  different 
amounts  of  lime  if  comparable  results  are  to  be  expected.  Clayey  soils 
require  much  more  lime  than  sandy  soils  of  the  same  pH  value. 

American  soils  may  range  in  pH  value  from  about  3.2  for  some  peat 
SOI  s  to  9.5  or  some  black  alkali”  soils.  Few  crop  plants  will  grow  below  a 
pH  of  3.5  or  above  a  pH  of  9.0.  The  fertile  cultivated  lands  of  the  United 


Fig.  119.  Edmund  Ruffin- 
successful  Virginia  farmer.  Fa¬ 
ther  of  soil  chemistry  in 
America.  First  to  contend  that 
upland  mineral  soils  in  humid 
regions  are  often  acid;  strong 
advocate  of  liming  of  acid 
soils;  brilliant  writer;  a  great 
southern  patriot.  (Courtesy, 
National  Fertilizer  Association.) 
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States  commonly  range  from  a  pH  value  of  6.5  to  7.5.  The  reaction  of  the 
root  sap  of  most  agricultural  plants  ranges  from  about  pH  4.0  to  pH  6.0, 
so  that  plant  tissues  appear  to  be  so  constituted  as  to  be  able  to  tolerate 
the  acidities  ordinarily  found  in  soils.  Hoagland  (1944),  working  with  a 
number  of  species  of  plants,  found  that  all  plants  were  injured  when  grown 
in  culture  solutions  having  a  pH  as  low  as  3.0. 

Reaction  of  American  Soils 

The  rainfall  and  temperature  of  a  region  play  a  very  important  part  in 
determining  the  chemical  reaction  of  its  soils.  In  general,  the  acidity  of 
soils  decreases  with  the  annual  rainfall  to  which  the  soil  has  been  sub¬ 
jected.  Also,  it  decreases  from  a  humid  cool  to  a  humid  tropical  region  and 
increases  with  an  increase  in  altitude. 

The  soils  of  the  United  States  may  be  divided  into  two  soil  orders. 
West  of  a  line  which  may  be  represented  roughly  by  the  one  hundredth 
meridian  are  found  soils  whose  reaction  usually  lies  between  the  pH  values 
7.0  and  8.0,  although  pH  values  of  8.0  and  9-0  are  not  uncommon.  These 
soils  are  referred  to  as  pedocals ,  and  largely  because  of  the  low  rainfall  under 
which  they  originated— 25  inches  or  less— they  have  retained  much  of 
their  basic  elements,  which  in  turn  accounts  for  their  alkalinity.  East  of  the 
one  hundredth  meridian  are  found  soils- whose  pH  values  generally  lie 
between  5.0  and  6.0,  although  pH  values  of  4.5  or  4.0  are  not  uncommon. 
These  soils  are  called  pedalfers.  Pedalfers  are  formed  in  regions  of  high 
rainfall  and  are  soils  that  have  lost  much  of  their  basic  elements  throug  i 
leaching’.  Because  of  the  differences  in  the  soil  reactions  of  the  pe  oca  s 


•eriment  Station.) 
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and  the  pedalfers  it  naturally  follows  that  the  fertilizing  practices  to  be 
followed  in  these  two  soil  areas  might  be  very  different. 

The  pedalfers  comprise  a  great  part  of  the  cultivated  soils  of  the  United 
States.  They  are  now  grouped  by  the  Bureau  of  Plant  Industry,  Soils  and 
Agricultural  Engineering  into  five  soil  groups  or  provinces,  prairie  soils, 
podsols,  gray-brown  soils,  red  and  yellow  soils,  and  laterites.  The  prairie 
soils  include  an  irregular  strip  of  the  country,  a  hundred  or  so  miles 
wide,  running  north  and  south  adjacent  to  the  pedocals  and  roughly 
paralleling  the  one  hundredth  meridian.  The  reaction  of  the  prairie  soils 
approaches  that  of  the  pedocals.  The  other  four  soil  provinces  lie  roughly 
in  an  east-west  direction  from  the  prairie  country  to  the  Atlantic  Ocean. 
Roughly,  the  podsol  province  is  found  along  the  Canadian  border,  the 
gray-brown  province  in  the  mid-Atlantic  and  midwestern  states,  the  red 
and  yellow  province  in  the  southern  states  and  the  laterites  in  Florida  and 
Cuba.  The  podsols  may  be  extremely  acid  and  pH  values  of  4.0  to  5.0  are 
very  common.  On  the  other  hand,  the  laterites  are  almost  neutral  in  reac¬ 
tion  and  usually  have  a  pH  value  around  6.5.  In  general,  it  might  be  said 
that  the  acidity  of  the  cultivated  soils  of  the  United  States  increases  from 
the  Gulf  of  Mexico  to  the  Canadian  border  as  does  also  their  nitrogen 
and  organic  content.  Bailey  (1945)  has  recently  made  a  study  of  the  pH 
values  of  various  horizons  of  soil  solums  of  many  representative  soils  of 
the  United  States.  These  natural  differences  in  the  soil  reactions  of  the 
cultivated  soils  of  America  have  played  an  important  part  in  bringing 
about  the  variations  often  observed  in  the  fertilizing  practices  followed  in 
the  various  sections  of  the  United  States. 

Soil  Reaction  as  Influenced  by  Parent  Material  of  Soil 

Not  only  is  soil  reaction  influenced  by  the  climatic  conditions  under 
which  the  soil  has  originated,  but  also  by  the  mineral  or  organic  materials 
from  which  the  soil  has  been  formed.  Pedalferic  soils  that  have  been 
formed  from  secondary  minerals  which  contain  a  high  percentage  of 
silicon,  or  soils  formed  from  organic  matter,  may  be  very  acid,  whereas 

pedalferic  soils  formed  from  limestone  or  diabase  are  usually  onlv  sliehtlv 
if  at  all,  acid. 

Soil  Reaction  as  Influenced  by  Soil  Management 
Practices 

When  virgin  soils  in  a  humid  climate  are  put  under  cultivation  they 
rapidly  lose  much  of  their  organic  matter  through  oxidation,  and  much  of 
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their  nitrogen  and  bases  through  leaching  and  crop  removal.  Many  Ameri¬ 
can  soils  have  passed  and  are  now  passing  through  this  process.  In  general, 
it  might  be  said  that  very  ineffective  efforts  have  been  made  by  American 
farmers  to  retard  the  process. 

As  the  basic  elements  are  removed  from  soil  complexes  through  leach¬ 
ing  and  crop  removal  they  are  replaced  by  hydrogen,  so  that  a  great  in¬ 
crease  in  the  acidity  of  the  soil  usually  results.  In  some  localities  in  America 
this  trend  of  soil  reaction  toward  high  soil  acidity  has  been  further  hastened 
through  the  use  of  acid-forming  fertilizers.  As  a  result  there  are  in  the 
United  States  today  thousands  of  acres  of  land  on  which  a  profitable 
production  of  crops  is  no  longer  possible  even  with  the  help  of  fertilizers, 
unless  the  acidity  of  the  soil  is  first  reduced.  This  conclusion  was  borne 
out  recently  by  the  soil  acidity  determinations  made  on  2,250,000  soil 
samples  taken  from  about  95  per  cent  of  all  farms  in  the  state  of  South 

Carolina. 


Adjusting  Soil  Reaction  through  the  Use  of  Agricultural 

Lime 

The  use  of  agricultural  lime  and  other  basic  materials  for  the  purpose 
of  reducing  the  acidity  of  the  soil  has  been  followed  to  a  limited  extent 
in  the  United  States  since  Colonial  times,  but  the  liming  practice  in  the 
past  has  not  been  extensive  enough  to  retard  greatly  the  drift  of  American 
cultivated  soils  toward  greater  acidity,  although  today  the  practice  is 
becoming  mote  extensive  and  effective.  A  discussion  of  the  use  of  agri¬ 
cultural  lime  has  been  given  in  another  chapter.  It  is  well  to  emphasize 
here  however,  that  agricultural  lime  should  be  applied  judiciously.  Too 
much  lime,  or  even  the  liming  of  the  wrong  crop,  may  sometimes  be  as  > 
advised  as  failure  to  use  lime  when  it  is  advantageous  to  do  so.  It  cannot 
be  too  strongly  stressed  that  although  almost  innumerable  liming  expern 
men.  have  been  carried  out  by  competent  soil  scientists  there  is  much 
about  the  influence  of  lime  on  soils  and  crops  that  is  not  understoo  . 

A  pointed  out  elsewhere,  agricultural  lime  is  usually  compose  of 

-“Tixr;  "  :r 

soil  in  determining  the  reaction  of  the  soil,  and  g  'ca)clum 

garded  as  being  SeC°n^'°  “ “otheTbenefidal  functions  which  may  be 
expl  amTm  ,wt  byth'e  fact  that  the.t  compounds  ate  readily  soluble  in  an 
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Fig.  121.  Fertilized  corn.  (Left)  Limed.  (Right)  Unlimed.  (Courtesy,  Prof.  A.  W. 
Blair  and  the  New  Jersey  Agricultural  Experiment  Station.) 


acid  solution;  that  they  may  combine  with  most  plant  nutrient  elements; 
that  they  possess  comparatively  high  displacement  energy  and  may  there¬ 
fore  be  the  principal  cations  in  base-exchange  compounds;  that  they  are 
nutrient  elements;  and  that  they  produce  a  good  physical  condition  when 
added  to  the  hydrogen  clays.  In  addition  these  elements  influence  directly 
or  indirectly  root  development  and  quality  of  crops,  and  may  make  possi¬ 
ble  the  absorption  and  assimilation  by  plants  of  nitrogen  and  phosphorus. 

Adjusting  Soil  Reaction  Through  the  Use  of  Nonacid¬ 
forming  Fertilizers 

Up  until  a  few  years  ago  most  of  the  complete  fertilizers  found  on  the 
American  market  were  acid-forming,  and  their  use  led  to  an  increase  in 
the  acidity  of  the  soil.  From  1900  to  the  early  1930’s  commercial  mixed 
fertilizers  became  increasingly  more  acid-forming  owing  to  a  more  ex¬ 
tended  use  of  ammonium  salts.  In  1900  the  nitrogen  in  all  mixed  fertilizers 
was  derived  to  the  extent  of  2.1  per  cent  from  ammonium  salts,  6.9  per 
cent  from  nitrates,  and  91.0  per  cent  from  organic  compounds  of  plant  or 
animal  origin.  In  1931,  on  the  other  hand,  61.2  per  cent  of  the  nitrogen  of 
mixed  fertilizers  was  derived  from  ammonia  and  its  compounds,  11.6 
per  cent  from  nitrates,  18.8  per  cent  from  organic  ammoniates,  and  8.4  per 
cent  from  calcium  cyanamide  and  urea.  In  1934  Mehring  and  Peterson 
(1934)  reported  that  the  acidic  residue  of  the  average  mixed  fertilizer  was 
equivalent  to  150  pounds  of  calcium  carbonate  per  ton.  As  pointed  out  in  a 
previous  paragraph,  many  soils  of  America  after  being  put  under  cultiva- 
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tion  soon  became  too  acid  for  the  profitable  production  of  crops.  To 
meet  this  situation  liming  programs,  together  with  the  use  of  nonacid 
fertilizers,  were  advocated  by  agronomists. 

Nonacid-forming  complete  fertilizers  are  manufactured  by  so  com¬ 
pounding  the  fertilizer  mixture  that  physiologically  acidic  and  physio¬ 
logically  basic  carriers  of  nutrient  materials  will  balance  each  other.  Fre¬ 
quently,  in  compounding  mixtures,  this  is  either  not  possible  or  it  is  not 
the  most  economical  procedure,  so  that  some  basic  material  has  to  be 
added  to  the  mixture,  in  amounts  sufficient  to  counteract  any  excess  of 
acidity.  Pierre’s  (1931)  values  for  estimating  the  equivalent  acidity  and 
basicity  of  fertilizer  materials  are  now  generally  used  by  the  fertilizer 
industry  in  formulating  nonacid-forming  fertilizers.  The  equivalent  acidity 
or  basicity  of  various  inorganic  or  organic  carriers  of  nitrogen  as  found  by 
Pierre  (193 1)  are  given  in  Table  95.  Equivalent  acidity  may  be  defined  as 
the  pounds  of  lime  required  to  neutralize  the  acidity  produced  by  a  quan¬ 
tity  of  fertilizer  containing  20  pounds,  or  a  unit  of  nitrogen. 

Lime  of  various  forms  and  phosphatic  rock  are  the  most  common 
materials  substituted  for  sand  or  other  inert  filler.  Hester  and  Shelton 
(1936)  have  shown  that  the  neutralizing  effect  of  phosphate  rock  filler  is 
negligible  under  actual  growing  conditions,  and  Clevenger  and  Willis 
(1935)  have  called  attention  to  the  fact  that  after  the  application  of  a  mixed 
fertilizer  to  the  soil  the  presence  of  natural  organic  materials  in  the  mixture 
may  serve  as  neutralizing  agents  almost  as  extensively  as  a  lime  supple¬ 
ment.  They  also  call  attention  to  the  fact  that  the  immediate  effect  of  an 
application  of  a  nonacid-forming  fertilizer  to  the  soil  is  »H«ce  a 
"salt  effect”  which  results  in  a  slight  increase  in  soil  acidity.  This  rs.  how¬ 
ever  a  temporary  influence  which  disappears  quickly. 

Dolomitic  limestone  is  the  form  of  lime  most  commonly  used  for  the 
neutralization  of  acid  fertilizer  mixtures.  Calcine  limestone  may  be  used, 
but  because  it  will  readily  revert  soluble  phosphates  it  is  not  preferr  :  • 
Experimental  data  show  that  for  most  conditions  dolomite  gives  b 
results  when  ground  to  pass  through  a  60-mesh  sieve.  The  add, non  of 
dolomite  to  add  fertilizer  mixtures  containing  superphosphate  results 

very  Me  or  no  reversion  of  water-soluble  phosphoric  add  to  c,  rate- 
very  little  mixture  has  been  ammomated  the 

insoluble  phosphoric  ac  ,  Ross  (l?J7)  has 

condition  may  be  otherwise.  The  work  of  toward  dolomite 

shown  that  monoammoniumpMphamis^ns  decomposi. 

tion  'is 'greater  !n 'ammoniated  mixtures.  The  magnesium  compound 
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Table  93 

Equivalent  Acidity  or  Basicity  of  Various  Inorganic:  and 
Organic  Nitrogen  Fertilizers  Expressed 


as  Pounds  of  CaC03 

Fertilizer  Materials 

Net  Equivalent 
Acidity  or 
Basicity  per  Unit 
of  Nitrogen 

Inorganic: 

Ammnninm  sulfate  . 

107 

Ammonium  rhlorirle . 

107 

Mnnn.ammnninm  phosphate . 

107 

Ammo-Phos . 

107 

Sodium  nitrate.  . .  . 

36* 

Cal-Nitro  . 

22* 

Calcium  Cyanamid . 

57* 

Urea .  . 

36 

Organic: 

Animal  tankage . 

3 

High-grade  tankage . 

15 

Low-grade  tankage . 

144* 

Packing  house  tankage . 

30* 

Garbage  tankage . * . 

54* 

Fish  scrap . 

31 

2 

Acid  fish . 

Cottonseed  meal . 

29 

86* 

Tobacco  stems . 

Peruvian  guano . 

19 

Q 

Whale  guano . 

Dried  blood . 

35 

12* 

18 

34 

Cocoa  shell  meal . 

Castor  pomace . 

Milorganite . 

*  Basicity. 

formed  by  reaction  of  dolomite  in  nonammoniated  mixtures  is  dimagne¬ 
sium  phosphate  and  in  ammoniated  mixtures  magnesium-ammonium 
phosphate.  The  water-soluble  magnesia,  in  mixtures  that  contain  dolomite 
as  the  only  source  of  magnesium,  is  low  in  both  types  of  mixtures  and 
decreases  with  a  decrease  in  the  acidity  of  the  mixture. 

Adjusting  Soil  Reaction  Through  the  Use  of  Acid 
Fertilizers,  Sulfur,  and  Aluminum  Sulfate 

The  use  of  mixed  fertilizers  that  leave  an  acid  residue  in  the  soil  is  to  be 
advocated  on  the  alkalme  and  calcareous  soils  of  the  American  southwest. 
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In  fact,  it  appears  that  the  acidity  resulting  from  the  use  of  the  ordinary 
mixed  fertilizers  sold  in  that  section  is  not  sufficient,  and  in  many  cases 
the  mixture  should  be  fortified  with  an  acidulated  organic  base  or  with  50 
to  200  pounds  of  sulfur  per  ton  of  fertilizer.  In  addition,  where  it  is  found 
that  the  crops  grown  are  subject  to  chlorosis  it  is  advisable  to  add  small 
amounts  of  zinc  or  iron  salt.  McGeorge  (1936),  of  the  California  Experi¬ 
ment  Station,  has  found  that  this  practice  is  very  beneficial  to  long-lived 
crops  such  as  fruit  trees. 

As  has  been  pointed  out  in  other  chapters,  the  use  of  ammoniacal 
compounds  will  result  in  an  increase  in  soil  acidity  and  that  these  com¬ 
pounds  as  well  as  sulfur  are  commonly  used  by  Irish  potato  growers  for 
increasing  the  acidity  of  the  soil.  Horticulturists  also  use  aluminum  sul¬ 
fates  (alums)  for  increasing  the  acidity  of  the  soil  for  such  plants  as  shortia, 
*  rhododendrons,  blueberries,  and  hydrangeas.  A  high  active  aluminum 
content,  20  to  50  pounds  per  acre,  is  often  desirable  for  such  plants  as 
rhododendrons,  azaleas,  and  blueberries.  The  content  of  active  aluminum 
may  be  detected  by  means  of  a  quick  chemical  test. 

Soil  Reaction  and  Its  Influence  on  Nutrient  Availability 


Many  changes  take  place  in  the  soil  when  the  soil  becomes  acid  or 
alkaline,  or  when  the  acidity  of  the  soil  is  increased  through  the  use  of 
acid  fertilizers  or  reduced  by  liming.  Some  of  these  changes  are  of  first 
importance  to  the  farmer,  while  others  may  be  of  only  secondary  impor¬ 
tance,  or  of  no  importance  at  all. 

The  literature  which  concerns  the  influence  of  soil  reaction  on  p  ant 
growth  is  voluminous,  and  a  great  deal  of  experimental  data  which  bears 
on  the  subject  is  now  available.  Nevertheless,  the  subject,  rncludrng  all  of 
the  ramifications,  is  not  well  understood  by  the  agriculturists.  It  must  be 
confessed,  also,  that  facts  are  limited  concernrng  many  related  sublet 
The  effect  of  soil  reaction  and  the  influence  of  l.mrng  and  fertilizer 
practices  on  the  availability  of  plant  nutrients  ate  among  the  most  wrde  y 
discussed  subjects  in  agr, culture.  The  react, on  of  the  sod  m  y  gt«t  V 
influence  the  availability  of  some  plant  nuttrents  but  on  the  other  hand  the 
availability  of  other  nutr.ents  may  be  rnfluenced  mrldly  or  not  at  all.  Th 
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involve  the  processes,of  adsorption,  assimilation,  ionization,  membrane 
permeability,  ion-antagonism,  solution  and  others. 

Influence  of  Soil  Reaction  on  the  Availability  of 

Nitrogen 

Field  crops  appear  to  absorb  most  of  their  nitrogen  in  the  nitrate  form. 
Under  the  usual  conditions  that  prevail  in  the  soil,  nitrates  appear  to  be  as 
available  to  crops  at  one  pH  value  as  at  another,  but  most  of  the  nitrogen 
applied  to  crops  in  mixed  fertilizers  is  in  forms  other  than  that  of  nitrates, 
and  in  most  cases  these  other  forms  of  nitrogen  have  to  be  converted  into 
nitrates  by  ammonifying  and  nitrifying  organisms.  Nitrifying  organisms 
are  affected  adversely  by  an  acidity  greater  than  that  represented  by  a  pH 
value  of  5.5  and  for  this  reason  crop  response  to  many  nitrogenous  fer¬ 
tilizers  is  usually  greater  when  the  fertilizers  are  applied  to  soils  that  have 
been  limed.  On  the  other  hand,  nitrification  can  be  hindered  by  too  much 
alkalinity,  but  with  humid  soils  this  danger  from  overliming  is  slight. 

Influence  of  Soil  Reaction  on  the  Availability  of 

Phosphorus 

Phosphates  appear  to  be  most  available  to  plants  in  a  majority  of  the 
soils  of  humid  America  when  the  soil  reaction  has  a  pH  value  between 
5.5  and  7.5.  When  the  soil  reaction  gets  above  or  below  this  range  the 
phosphates  in  the  soil  become  less  available.  Soluble  iron  and  aluminum 
from  the  insoluble  soil  iron  and  aluminum  compounds  begin  to  appear  in 
the  soil  solution  at  about  a  pH  value  of  5.5,  and  great  quantities  will 
become  soluble  if  the  pH  value  of  the  soil  is  allowed  to  drop  to  5.0  or  4.8. 
As  soluble  phosphates  will  unite  readily  with  soluble  iron  and  aluminum, 
especially  aluminum,  and  become  precipitated  as  insoluble  phosphate 
compounds,  crops  growing  on  very  acid  soils  often  show  phosphorus 
starvation.  This  is  especially  true  when  the  iron  and  aluminum  phosphates 
have  passed  the  freshly  precipitated  state  and  have  passed  over  into  the 
crystalline  form.  In  addition,  there  is  good  evidence  to  indicate  that 
soluble  aluminum  itself  is  toxic  to  many  plants,  and  Pierre  (1931)  found 
it  an  important  factor  in  the  relation  of  soil  acidity  to  soil  fertility. 

Soil  aluminum  also  comes  into  solution  at  pH  values  above  7.0,  but 
under  alkaline  conditions  it  will  not  fix  the  soluble  phosphates  as  it  does 
'v  en  present  in  acid  soils.  Apparantly  aluminum  to  some  extent  enters 
C  e  plant  at  all  pH  levels.  Soluble  phosphates  remain  soluble  in  overlimed 
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soils  but  for  some  reason  plants  appear  to  be  prevented  from  absorbing 
or  assimilating  them.  McGeorge  and  Breazeale  (1931)  found  that  plant 
seedlings  did  not  absorb  phosphates  at  pH  values  above  7.6.  Excessive 
liming  may  precipitate  water-soluble  phosphorus  compounds  as  citrate- 
soluble  tri calcium  phosphate,  which  if  not  utilized  will  pass  over  into  a 
relatively  unavailable  fluorapatite  crystalline  form.  In  general,  it  may  be 
said  that  acid  clay  soils  give  greater  responses  to  phosphorus  fertilizers 
than  other  soils  of  the  same  region. 

In  general,  it  can  be  said  that  when  the  soil  has  a  pH  of  about  3.0  to 
4.0  phosphates  are  held  in  the  soil  largely  by  iron.  In  soils  having  a  pH 
range  of  5.0  to  6.0  phosphates  appear  to  be  held  to  the  clay  complex  by 
aluminum.  Absorbed  phosphate  appears  to  be  brought  into  solution  by 
OH-ions  when  the  soil  has  a  pH  of  6.0  to  7.0,  but  above  a  pH  of  7.0  it  is 
converted  into  calcium  phosphate  which  becomes  insoluble  above  pH  8.0. 
It  thus  seems  advisable  to  maintain  the  pH  of  the  soil  by  liming  at  such  a 
point  that  neither  insoluble  iron,  aluminum,  nor  calcium  compounds  are 
produced. 


Influence  of  Soil  Reaction  on  the  Availability  of 

Potassium 

The  experimental  data  available  do  not  furnish  evidence  that  the  soil 
reaction  within  reasonable  limits  has  any  great  influence  on  the  availability 
of  potassium.  Apparently,  potassium  is  uninfluenced,  or  at  least  little 
influenced,  by  the  hydrogen  ion  that  mobilizes  other  cations  in  the  plant. 
A  marked  crop  response  is  often  secured  from  the  application  of  potash  to 
very  acid  soils  but  in  most  cases  this  is  due  to  a  potassium  deficiency.  In 
some  cases  plant  injury  due  to  soluble  iron,  aluminum,  or  manganese,  may 
be  such  that  a  response  to  applied  potash  may  not  be  secured  even  though 

POtMharkedecrdoep  response  to  a  potash  fertilizer  is  more  often  secured  when 
applications  of  potash  are  made  to  overtimed  soils  or  to  soils  that  lav 
been  abundantly  fertilized  with  calcium  fertilizers  This  has  been  shown 
by  the  work  of  Hester,  Parker,  and  Zimmerly  (1936)  Cooper  and  Wa 
(1936),  and  Gilligan  (1938).  Maclmire  et  al.  (1930  concluded  from  the 
study  of  lysimeter  experiments  that  liming  depressed  t  e  so  u  l  lty  o 
SsS  and  similar  results  have  been  secured  by  other £*££ * 
Nevertheless,  Maclntire  (1941)  points  out  that  ,t  has  not  yet  been  demo 
S  that  liming  diminishes  the  uptake  o 
other  lime-loving  plants  of  extensive  root  development.  An 
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Fig.  122.  Tobacco  plants  grown  in  cultural  solutions,  (l)  No  nitrogen  added; 
(2)  no  phosphorus  added;  (3)  no  potassium  added;  (4)  no  calcium  added;  (5)  no 
magnesium  added;  (7)  no  boron  added;  (8)  no  sulfur  added;  (9)  no  manganese 
added;  (10)  no  iron  added;  (6)  all  of  the  above  elements  added.  (Courtesy,  Dr.  J. 
E.  McMurtrey,  Jr.  Reproduced  from  U.S.D.A.  Technical  Bulletin  340.) 


calcium  in  the  soil  appears  to  interfere  both  with  potassium  and  phos¬ 
phorus  absorption  by  the  plant. 

Influence  of  Soil  Reaction  on  the  Availability  of 
Calcium  and  Magnesium 

Acidity  in  the  soil  is  correlated  with  a  lack  of  bases  in  the  colloidal 
complex.  For  this  reason  acid  soils  can  yield  but  little  available  calcium  or 
magnesium.  The  quantity  of  available  calcium  in  soils  usually  increases 
rapidly  with  a  rise  in  the  pH  value  up  to  pH  8.0  and  above,  and  the  absorp¬ 
tion  of  calcium  by  plants  increases  up  to  about  a  pH  of  6.0.  Hoagland  and 
Arnon  (1941)  report  that  at  acid  reactions  the  plant  seems  to  require  a 

S,Upply  °f  calcium  than  at  reactions  approaching  neutrality.  Crane 
(1926),  however,  has  shown  that  high  acidity  even  in  the  presence  of 
adequate  soluble  calcium  interferes  with  the  ability  of  plants  to  take  up  and 
retain  soluble  calcium.  Hoagland  (1944)  found  a  loss  of  calcium  to  take 

level's  Z  r°°tS  f  PlrnAS  CO  the  CUkUral  S°ludon  at  ver>'  low  PH 

value  c l  fbTl  T“:  magneSium  alS°  Wi“  4  to  a  pH 

above  this  value  the  quantity  decreases.  In  the  soils  of 
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humid  America  the  quantity  of  available  magnesium  is  never  as  great  as 
that  of  calcium. 

Calcium  and  magnesium  deficiencies  often  are  noted  in  crops  grown 
on  acid  soils,  especially  acid  sandy  soils  in  which  the  colloidal  content, 
and  therefore  absorbed  basic  content,  is  low.  These  soils,  however,  may  be 
profitably  utilized  in  the  production  of  crops  such  as  watermelons, 
cucumbers,  strawberries,  or  other  crops  that  tolerate  small  amounts  of 
basic  elements  for  their  optimum  growth. 


Influence  of  Soil  Reaction  on  the  Availability  of 
Iron  and  Manganese 

Most  soils  contain  an  abundance  of  iron  and  manganese  compounds 
in  the  insoluble  form.  In  fact  the  red  and  chocolate  colors  of  many  soils 
attest  to  their  presence  in  large  amounts.  Plants  require  iron  and  manganese 
but  only  in  very  small  amounts.  In  fact,  if  they  are  present  in  the  soil  solu¬ 
tion  in  more  than  very  low  concentrations  they  exert  a  toxic  effect  on 
plant  growth.  Apparently  soils  with  the  usual  reactions  between  pH  5.5 
and  pH  7.0  supply  plants  with  ample  quantities  of  both  iron  and  man¬ 
ganese.  As  already  pointed  out,  excess  quantities  of  these  elements  may 
become  available  at  pH  values  below  5.5  and  toxic  influences  on  plant 
growth  may  result.  It  appears  that  manganese  becomes  toxic  to  plant 
growth  before  iron  and  aluminum  come  into  solution  in  sufficient  quanti¬ 
ties  to  be  coxic.  In  Table  96  are  given,  according  to  Hester  (1942),  data 
illustrating  the  influence  of  liming  on  the  reduction  of  free  aluminum  in 

the  soil.  , ,  „ 

Table  96 

Influence  of  Liming  on  the  Reduction  of 
Soluble  Aluminum  in  the  Soil 


Soil  pH 

Lime  Applied 
{lbs.) 

Aluminum  in  Soil 
{lbs.  per  acre) 

5.45 

None 

SO  to  60 

5.80 

1500 

5  to  10 

6.00 

3000 

1  to  2 

Ar  „H  values  above  6.5,  especially  in  sandy  sods,  non  anu  manga,.- 
nay  become  unavailable  to  such  an  extent jX^an" 
slants  may  appeat.  Rogets  and  Shtve  (1932)  have ^  )bsorb 
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Influence  of  Soil  Reaction  on  the  Availability  of 
Boron,  Zinc,  and  Copper 

In  general  if  may  be  said  that  high  pH  values  in  the  soil  tend  to  revert 
soluble  boron,  zinc,  and  copper  into  insoluble  forms.  Camp  (1945)  states 
that  it  has  been  reasonably  well  established  that  the  availability  of  zinc 
declines  as  the  pH  value  of  the  soil  rises,  the  critical  point  being  somewhere 
between  pH  5.5  and  6.5. 


Problems  Arising  from  Overliming 

It  is  commonly  thought  that  the  problems  arising  from  overliming  a 
soil  are  more  difficult  to  correct  than  those  arising  from  an  insufficient 
amount  of  lime,  but  this  view  should  be  corrected.  Nevertheless,  plants 
do  appear  to  be  unable  to  assimilate  phosphorus,  potassium,  and  even 
calcium  itself  in  the  presence  of  excess  calcium  carbonate.  Following  heavy 
liming,  manganese  deficiency  often  develops  in  sandy  soils  of  low  man¬ 
ganese  content  of  the  Coastal  Plain  south  of  Virginia  but  it  seldom  occurs 
north  of  Virginia.  This  may  be  due  to  the  higher  organic  content  of  the 
soils  north  of  Virginia.  Decaying  organic  matter  may  furnish  available 
manganese  to  a  crop  even  though  the  pH  value  of  the  soil  is  high.  Over¬ 
liming  of  a  soil  is  known  also  to  hinder  absorption  by  plants  of  zinc  in 
Florida  and  of  boron  in  Alabama.  Also,  Midgley  and  Dunklee  (1940)  found 
that  overliming  injury  in  Vermont  appeared  to  be  due  largely  to  the  fixa¬ 
tion  of  boron. 

Injury  resulting  from  overliming  may  be  corrected  by  the  addition  to 
the  soil  of  those  elements  which  have  been  made  unavailable,  and  through 
the  use  of  acid-forming  fertilizers  and  amendments. 

Many  agronomists  feel  that  the  problems  of  overliming  have  been 
stressed  too  much.  This  is  probably  true  in  view  of  the  great  extent  of  acid 
soils  and  the  high  lime  requirement  of  many  subsoils.  It  seems  that  over¬ 
liming  would  rarely  become  an  important  factor  if  reasonable  attention 
were  given  to  the  proper  use  of  the  amendment. 


Adjusting  Soil  Organic  Content  to  Crop  Requirement 

The  nitrogen  content  of  the  soil  is  found  almost  entirely  in  the  organic 
matter  of  the  soil.  Nitrogen  in  organic  matter  must  be  converted  to  an 
available  form  by  soil  microorganisms  before  it  can  be  utilized  by  plants 
Those  factors  which  control  the  well-being  of  ammonrfyrng  and  nitrifying 
organisms  such  as  soil  moisture,  presence  of  energy  material,  and  proper 


350 


Adjusting  Soil  Reaction  to  Crop  Requirement 


soil  reaction  are  also  the  principal  factors  controlling  the  availability  of  soil 
nitrogen.  Organic  matter  is  of  maximum  value  to  the  growing  crop  only 
when  it  is  in  a  process  of  decomposition,  but  this  process  leads  to  its 
elimination  from  the  soil.  A  virgin  soil  may  often  lose  25  to  30  per  cent  of 
its  organic  matter  during  the  first  quarter  of  a  century  it  is  put  under 
cultivation.  Because  the  cultivation  of  the  soil  leads  to  the  destruction  of 
its  organic  matter  the  profitable  production  of  crops  can  be  maintained 
only  through  the  frequent  additions  to  the  soil  of  suitable  organic  ma¬ 
terials  or  by  the  application  of  available  forms  of  commercial  nitrogen. 
Nearly  all  soils  are  benefited  by  the  additions  of  suitable  organic  matter,  no 
matter  how  much  they  may  contain.  In  the  older  fertilizer-consuming 
sections  of  the  United  States,  the  practice  of  applying  available  commercial 
nitrogen  has  been  followed  by  most  farmers,  rather  than  the  practice  of 
turning  under  suitable  organic  matter.  It  must  not  be  overlooked,  how¬ 
ever,  that  organic  matter  in  the  soil  may  have  a  beneficial  effect  other  than 
that  of  supplying  plant  nutrients,  and  that  maximum  yields,  especially 
during  dry  years,  may  not  be  secured  without  it. 

One  of  the  most  important  influences  of  organic  matter  on  the  soil  is  its 
effect  on  the  water-holding  capacity  of  the  soil.  Organic  matter  has  about 
four  times  the  water-holding  capacity  of  clay  and  about  eight  times  that  of 
a  sandy  soil.  For  this  reason  the  results  secured  from  an  application  of  com¬ 
mercial  fertilizer  during  a  dry  year  are  usually  more  noticeable  when  ap¬ 
plied  to  soils  in  which  the  organic  matter  has  been  maintained  near  the 


saturation  point. 

On  many  light-colored  sandy  pedalferic  soils  it  is  the  organic  matter 
content  that  largely  determines  the  ionic  exchange  capacity,  and  therefore 
the  soil’s  fertility.  The  reason  for  this  may  not  always  be  apparent  but  its 
presence,  in  general,  may  be  said  to  make  the  soil  a  better  medium  for 
plant  growth.  Optimum  yields  of  crops  may  result  from  the  influence  o 
the  organic  matter  on  the  water-holding  capacity,  or  on  other  physical 
characteristics  of  the  soil,  or  from  its  influence  on  phosphate  availability, 
aluminum  solubility,  or  ionic  exchange  capacity,  or  to  all  of  these  int¬ 
erns  and  others.  Hester  (1937)  has  shown  that  the  addition  of  suitab 
organic  matter  to  the  sandy  truck  soils  of  the  Coastal  Plain  may  so  reduce 
the  fixation  of  phosphorus  to  an  unavailable  form  that  optimum  yie 
crops  may  be  produced  with  much  less  superphosphate  than  is  commo  y 
2  Jensen  (1917)  found  that  the  addition  of  orgamc  ma«et  to^sod 
increased  the  solubility  of  both  lime  and  phosphoric  acid  30  to  100  Pe 


cent. 
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Principles  Underlying  the  Purchase  of 

Fertilizers 


The  farmer  who  is  in  the  market  for  commercial  fertilizers  often  does 
not  know  what  materials  are  best  for  him  to  purchase,  and  particularly  is 
this  true  if  he  has  had  no  personal  experience  with  fertilizers.  When  this  is 
the  case,  he  should  get  in  touch  with  his  state  agricultural  experiment 
station  or  extension  service  for  advice  that  will  be  unbiased  and  based  upon 
the  results  secured  by  experimentation  or  upon  the  best  practical  informa¬ 
tion  available. 


What  Is  a  Fertilizer? 

Fertilizer  may  be  defined  broadly  as  any  material  which  if  added  to  the 
soil  will  result  in  a  better  growth  of  crops.  Such  a  definition  might  imply  a 
direct  or  indirect  action  on  the  crop. 

Nutritive  fertilizer  is  a  term  sometimes  applied  to  those  fertilizers  that 
contain  one  or  more  of  the  commonly  accepted  essential  elements  for 
plant  growth  that  are  taken  from  the  soil  by  plants.  These  fertilizers  may  be 
referred  to  also  as  direct  fertilizers.  On  the  other  hand,  the  terms  stimulant  or 
catalytic  fertilizer  are  sometimes  used  to  refer  to  those  fertilizers  which  do 
not  carry  one  or  more  of  the  12  elements  rhat  are  taken  from  the  soil  by 
plants  and  that  are  generally  accepted  as  essential,  but  that  do  carry  other 
elements  which  may  have  some  beneficial  influence  on  plant  growth.  They 
are  sometimes  referred  to  as  indirect  fertilizers. 

All  fertilizer  materials  that  may  be  present  on  the  fertilizer  market 
and  that  are  sold  within  the  same  trade  are  called  commercial  fertilizers 
any  terms  such  as  plant  food,  phosphate,  and  guano  are  used  locally  in 

1 the  United  states  as — wthh;11^ 

ccmraged  PlLu  T~  1°°Se  USage  °f  terms  should  be  dis¬ 
couraged.  Plant  food  is  a  term  which  has  been  employed  in  recent  years  to 
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Fig.  123.  Do  not  waste  fertilizer  on  land  like  this.  (Courtesy,  American  Hortigraphs 

and  Agronomic  Review.) 


refer  to  the  combined  content  of  nitrogen,  phosphoric  acid,  and  potash 
that  is  present  in  a  fertilizer  material. 

Mixed,  Chemical,  and  Special  Fertilizers 

In  the  past,  the  term  complete  fertilizer  has  been  used  to  refer  to  those 
fertilizers  which  contain  the  3  plant  nutrients— nitrogen,  phosphoric  acid, 
and  potash.  A  mixture  of  2  or  more  fertilizer  materials  is  referred  to  as  mixed 
fertilizer  or  mixed  goods.  Two-thirds  of  the  commercial  fertilizers  sold  in  the 

United  States  are  in  the  form  of  mixed  goods. 

In  recent  years  experimental  work  has  indicated  that  for  most  soils 
and  crops  a  complete  fertilizer  should  carry  the  six  elements,  nitrogen, 
phosphorus,  potassium,  calcium,  sulfur,  and  magnesium. 

So-called  special  fertilizers  often  have  been  put  on  the  market  with  t  te 
claim  by  the  manufacturer  that  the  fertilizer  is  particularly  adapted  to  some 
specific  crop.  Unfortunately,  in  many  cases  the  claims  made  for  these 
fertilizers  have  been  misleading.  Only  to  a  limited  extent  can  a  complete 
fertilizer  be  made  which  is  primarily  suited  only  for  a  given  crop,  and  when 
one  is  so  compounded  it  is  suited  to  the  crop  m  question  only  when 
crop  is  grown  under  specific  soil  and  climatic  conditions. 

Some  commercial  fertilizers  are  referred  to  as  chemtca  fertilizers,  te 
ii  used  the  term  chemical  fertilizer  refers  to  those  fertilizers  which 
gen  y  i’  f  crut]e  chemical  compounds  of  standard  composition 

high  analysis  potash  salts.  These  mater  chemical  com- 

rrivr  *•  r-1- 


Fig.  124.  Land  like  this  responds  to  fertilizers.  (Courtesy,  American  Hortigraphs  and 
•  Agronomic  Review.) 

used  in  compounding  high  analysis  complete  fertilizers.  On  the  other 
hand,  such  fertilizer  materials  as  ground  fish,  tankage,  and  bone  would  not 
be  classified  as  standard,  for  they  may  vary  widely  not  only  in  their  com¬ 
position,  but  also  in  their  availability. 

Ordinary  Grade,  High-analysis,  and  Concentrated 

Fertilizers 

The  grade  of  a  fertilizer  is  represented  by  the  minimum  guarantee 
of  the  analysis  of  its  plant  nutrienrt.  The  word  analysis ,  as  applied  to 
fertilizer,  is  used  to  designate  the  percentage  composition  of  the  product 
expressed  in  terms  of  nitrogen,  phosphoric  acid,  and  potash  in  their 
various  forms. 

According  to  their  plant-  food  content  fertilizers  are  commonly 
classified  into  three  groups  known  as  ordinary  grade,  high-analysis  and 
concentrated. 

If  the  total  percentage  of  plant  food  in  a  fertilizer  is  below  25  the 
fertilizer  is  said  to  be  of  ordinary  grade;  if  the  percentage  is  from  25  to  30 
inclusive  the  fertilizer  is  said  to  be  of  high  analysis;  if  the  percentage  is 
above  30  the  fertilizer  is  said  to  be  a  concentrated  fertilizer.  In  the  second 
group  we  find  most  of  the  so-called  "double-strength”  fertilizers.  These 
are  called  double-strength  fertilizers  to  distinguish  them  from  the  single- 
strength  fertilizers  of  the  ordinary  analysis  group.  In  1919  goods  analyzing 
a  minimum  of  14  per  cent  were  accepted  as  high-grade  goods,  but  these 
grades  have  largely  disappeared  from  the  American  market  owing  in  the 
main  to  the  legislative  action  taken  by  various  state  legislatures.  At  the 
present  time  the  sale  of  mixed  fertilizers  containing  less  than  16  per  cent 
of  total  plant  food  is  prohibited  in  Pennsylvania,  Delaware,  West  Virginia, 
Alabama,  Mississippi,  Arkansas,  Louisiana,  Oklahoma,  Ohio,  Kentucky', 
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Wisconsin,  Montana,  and  South  Carolina,  With  a  few  exceptions  the 
grades  commonly  recommended  in  the  Middle  West,  Middle  Atlantic,  and 
New  England  states  contain  a  minimum  of  20  per  cent  of  total  plant  food. 

In  some  sections  there  is  a  tendency  to  classify  all  mixed  fertilizers 
containing  20  per  cent  and  less  of  plant  food  as  ordinary  or  Low-analysis 
mixtures  and  those  having  above  20  per  cent  of  plant  food  as  high-analysis 
mixtures.  There  has  been  some  objection  to  the  term  concentrated,  as 
applied  to  fertilizers,  because  the  term  frequently  conveys  to  the  farmer 
the  idea  that  the  fertilizer  might  be  injurious  to  his  crops.  Such  an  assump¬ 
tion  is  not  justified.  It  should  be  kept  in  mind  that  there  is  little  direct 
relation  between  the  total  percentage  of  plant  food  in  a  fertilizer  and  plant 
injury  due  to  plasmolysis.  Most  salts  of  the  same  molecular  concentra¬ 
tion,  regardless  of  whether  they  are  fertilizer  salts  or  not,  can  injure  a 
crop  to  about  the  same  extent.  For  instance,  sodium  chloride  is  as  likely 
to  produce  plant  injury  as  is  potassium  chloride,  although  sodium  chloride 
contains  no  plant  food,  whereas  potassium  chloride  may  contain  from  48 
to  62  per  cent.  Furthermore,  injury  resulting  from  the  use  of  double¬ 
strength  fertilizer  is  usually  less  than  that  resulting  from  the  use  of  single- 
strength  fertilizer  as  only  half  as  much  ot  a  double-strength  mixture  per 
acre  is  required  to  give  an  equal  application  of  plant  food.  Alter  tour  years 
of  investigation  Lipman  and  Blair  (1929)  reported  that  there  was  no 
injury  to  corn  from  a  broadcast  application  of  500  pounds  or  less  of  a 
complete  fertilizer  containing  50  units  of  plant  nutrients  even  when  used 
on  a  soil  that  was  almost  wholly  sand.  The  fertilizer  analyzed  16  per  cent 
ammonia,  18  per  cent  phosphoric  acid,  and  18  per  cent  potash.  The  mix¬ 
ture  was  made  from  urea,  triple  superphosphate,  and  muriate  of  potash. 

The  content  of  plant  food  found  in  mixed  goods  usually  ranges  from 
about  14  per  cent  to  25  per  cent.  Formerly,  mixed  goods  containing  from 
10  to  12  per  cent  of  plant  food  were  commonly  found  on  the  market. 
At  the  present  time  the  general  trend  is  toward  the  manufacture  of  com¬ 
plete  fertilizers  of  much  higher  analysis.  Since  World  War  I  the  plant  foo 
content  of  the  average  complete  fertilizer  sold  in  the  United  States  has 
increased  20  per  cent  but  because  of  the  use  of  high-analysis  carriers  the 
filler  content  has  had  to  be  increased  65  pet  cent.  Table  97 
changes  that  have  taken  place  in  the  composition  and  plant  food  conten 
of  fertilizer  mixtures  during  the  last  half  century  accotding ;  to  Ross  an 
Mehting  (1938).  As  mentioned  above,  many  states  uve  xe  a  to  a 
per^cenf  nitrogen,  available  phosphoric  acid,  and  potash  as  the  minimum 
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Table  97 

Composition  of  Representative  Mixed  Fertilizers  in  1880, 

1910,  and  1937 


Period  and  Formula 

Pounds 
per  Ton 

1880  (2-9-2): 

1,053 

600 

WifMfp  r»f  Qnrla  1  ^  Der  cent  N . 

27 

lCainirp  1?  S  ner  renr  KiO  . 

320 

Total.  . 

2,000 

1910  (3-9-3): 

Superphosphate,  16  per  cent  P2O5.  . 

1,125 

100 

Sulfate  of  ammonia,  20  per  cent  N . 

Nitrate  of  soda,  15.5  per  cent  N. .  . 

130 

Cottonseed  meal,  7  per  cent  N . 

Manure  salts,  20  per  cent  K2O . 

285 

300 

Filler . ' . 

60 

Total . 

2,000 

947 

21 

18 

166 

1937  (4-9-5): 

Superphosphate,  19  per  cent  P206 . 

Ammonia,  2.3  per  cent  of  superphosphate. 

Urea,  46.6  per  cent  N . 

Sulfate  of  ammonia,  20.5  per  cent  N 

Nitrate  of  soda,  16  per  cent  N 

63 

170 

166 

224 

Tankage,  7  per  cent  N . 

Potassium  chloride,  60  per  cent  K>0 

Dolomite .... 

Filler.  .  .  . 

225 

> 

Total . 

9  CiC\C\ 

- _ _ 

analysis  of  complete  fertilizers  that  may  be  manufactured  and  sold.  The 
South  Carolina  law  now  requires  a  minimum  analysis  of  20  per  cent. 
According  to  Mehring  et  al.  (1945),  the  average  plant  food  content  of  the 
fertilizer  materials  used  in  the  United  States  in  1944  was  about  20.6  per 
cent.  The  average  plant  food  content  of  complete  mixtures  sold  in  1939  in 
Maine  was  29.76  per  cent  and  in  South  Carolina  16.03  per  cent. 

Extensive  expansion  in  the  use  of  the  high-analysis  and  the  concen¬ 
trated  fertilizers  cannot  be  brought  about  suddenly.  Farmers  must  first 
become  educated  to  their  use,  and  the  natural  inertia  of  such  a  large  indus- 
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try  operating  on  the  present  standards,  as  well  as  the  inertia  of  customers 
who  are  used  to  buying  and  applying  fertilizers  of  the  present  grades,  must 
be  overcome.  Furthermore,  the  drilling  condition  of  many  of  the  con¬ 
centrated  fertilizers  is  poor,  but  this  defect  is  being  remedied.  The  savings 
resulting  from  the  use  of  high-analysis  materials  is  a  large  item  and  may 
bring  about  the  extensive  use  of  concentrated  fertilizers  sooner  than  is  now 
expected.  It  has  been  estimated  that  the  present  annual  freight  expendi¬ 
tures  for  moving  finished  fertilizers  from  the  factories  to  the  consumers  is 
about  $30,000,000  and  the  cost  of  bags  and  bagging  is  about  $20,000,000. 
It  would  appear  that  at  least  one-half  of  the  expense  of  these  two  items 
alone  could  be  saved  if  concentrated  fertilizers  were  employed  universally. 


Table  98 

Fertilizer  and  Plant  Food  Consumption  in  the  United  States,  1900,  1910,  1920, 

and  1930-1944* 


Year 


1900 

1910 

1920 

1930 

1931 

1932 

1933 

1934 

1935 

1936 

1937 

1938 

1939 

1940 

1941 

1942 

1943 


All 

Ferti- 

Plant  Food  (tons) 

liters. 

j 

1,000 

Nitrogen 

Phosphoric 

Potash 

Totals 

Tons 

Acid 

2,730 

62,000 

246,200 

86,500 

394,700 

5,547 

145,900 

499,200 

211,000 

856,100 

7,29  6 

227,800 

660,1,00 

257,500 

1,145,400 

8,425 

376,600 

792,800 

353,800 

1,523,200 

6,541 

300,900 

610,900 

274,700 

1,186,500 

4,545 

213,600 

412,900 

191,600 

818,100 

5,110 

240,200 

463,500 

222,300 

926,000 

5,794 

275,286 

529,529 

262,699 

1,067,514 

6,534 

311,816 

597,321 

306,567 

1,215,704 

7,222 

350,390 

672,849 

350,075 

1,373,314 

8,433 

411,482 

793,943 

416,024 

1,621,449 

7,758 

384,056 

743,657 

393,450 

1,521,163 

7,993 

398,207 

789,414 

409,077 

1,596,698 

8,656 

419,093 

912,255 

435,016 

1,766,364 

9,381 

458,051 

993,571 

466,748 

1,918,370 

10,131 

398,563 

1,130,576 

547,022 

2,076,161 

11,754 

505,632 

1,243,306 

643,177 

2,392,115 

12,468 

626,208 

1,305,410 

641,722 

2,573,340 

' 

Calculated  Average  Plant 
Food  Content  of  All 
Fertilizer  (%) 


N 


2.27 

2.63 

312 

4.47 

4.60 

4.70 

4.70 

4.75 

4.77 

4.85 

4.88 

4.95 

4.98 

4.85 

4.88 

3.93 

4.30 

5.02 


PiOb 

KiO 

Totals 

9.02 

3.17 

14.46 

9.00 

3.80 

15.43 

9.05 

3.53 

15.70 

9.41 

4.20 

18.08 

9.34 

4.20 

18.14 

9.08 

4.22 

18.00 

9.07 

4.35 

18.12 

9.14 

4.53 

18.42 

9.14 

4.69 

18.60 

9- 32 

4.85 

19.02 

9.41 

4.93 

19-22 

959 

5.07 

19-61 

9.88 

5.12 

19-98 

10.57 

5.04 

20.46 

10.59 

4.98 

20.45 

11.16 

5.40 

20.49 

10.58 

5.47 

20.35 

10.47 

5.15 

20.64 

*  Including  Hawaii,  rueruu  xs.iw9  e 

In  Table  98  is  given,  according  to  Mehcmg,  Wallace  and  Drain  (^) 
the  fertilizer  and  plant  food  consumpnon  m  the  Un.ted  . 
recent  years. 
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Table  99 

Principal  Grades  of  Mixed  Fertilizers  Distributed  in  the  Continental  United 

States,  1942-1943* 


Grades 

Rank 

States 

Using 

Total 

Distribution 

2-12-6 

1 

30 

826,053 

3-9-6 

2 

11 

791,736 

0-14-7 

3 

30 

517,044 

3-12-6 

4 

27 

367,851  ' 

3-8-5 

5 

14 

353,954 

0-12-12 

6 

26 

323,074 

4-10-7 

7 

9 

319,075 

4-8-4 

8 

24  ' 

296,150 

4-10-10 

9 

15 

234,872 

2-10-6 

10 

5 

233,439 

4-8-6 

11 

24. 

194,109 

4-8-8 

12 

19 

167,006 

4-10-4 

13 

29 

141,612 

4-12-4 

14 

41 

139,783 

3-8-7 

15 

48 

136,817 

4-8-12 

16 

14 

135,582 

4-10-5 

17 

11 

113,801 

4-7-5 

18 

25 

1 95,817 

3-9-9 

19 

7 

93,874 

5-7-5 

20 

5 

92,829 

3-12-12 

21 

13 

92,798 

2-8-10 

22 

17 

79,546 

3-8-8 

23 

5 

73,336 

5-10-5 

24 

22 

72,358 

4-12-8 

25 

14 

68,328 

4-9-7 

26 

10 

56,282 

0-14-10 

27 

7 

55,150 

4-9-3 

28 

5 

53,785 

4-6-8 

29 

2 

53,080 

4-10-6 

30 

19 

46,506 

6-12-18 

31 

1 

39,556 

0-9-27 

32 

11 

35,304 

3-9-18 

33 

13 

35,089 

0-10-10 

34 

15 

33,565 

0-14-14 

35 

22 

31,911 1 

10-0-10 

36 

10 

29,774 

0-20-20 

37 

20 

29,690 

6-9-15 

38 

1 

29,426 

4-16-4 

39 

19 

22,052  ' 

8-8-4 

40 

3 

20,396 

6-15-15 

41 

8 

19,616 

Percentage  o]  Total 


Actual 

Cumulative 

11.56 

11.56 

11.08 

22.64 

7.24 

29.88 

5.15 

35.03 

4.95 

39  98 

4.52 

44.50 

4.46 

48.96 

4.14 

53.10 

3.29 

56.39 

3.27 

59.66 

2.72 

62.38 

2.34 

64.72 

1.98 

66.70 

1 .96 

68.66 

1.91 

70.57 

1.90 

72.47 

1.59 

74.06 

1.34 

75.40 

1.31 

76.71 

1.30 

78  01 

1.30 

79.31 

1.11 

80.42 

1.03 

81.45 

1.01 

82.46 

.96 

83.42 

.79 

84.21 

.77 

84.98 

.75 

85.73 

.74 

86.47 

.65 

87.12 

.55 

87.67 

.49 

88.16 

49 

88.65 

.47 

89  12 

.45 

89.57 

.42 

89.99 

.42 

90.41 

.41 

90.82 

.31 

91.13 

29 

91.42 

.27 

91.69 
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Table  99 — ( Continued) 


Grades 

Rank 

States 

Using 

Total 

Distribution 

Percentage  0}  Total 

Actual 

Cumulative 

0-20-10 

42 

13 

19,157 

27 

91.96 

10-10-5 

43 

2 

18,212 

.25 

92.21 

6—3—6 

44 

4 

17,316 

.24 

92.45 

3-8-12 

45 

6 

15,829 

22 

92.67 

8-0-8 

46 

2 

15,540 

.22 

92  89 

2-8-16 

47 

5 

15,456 

.22 

93.11 

2-16-8 

48 

8 

14,816 

.21 

93.32 

3-18-9 

49 

12 

14,655 

.21 

93.53 

10-6-4 

50 

28 

13,705 

.19 

93.72 

6-8-4 

51 

27 

13,485 

.19 

93.91 

4-5-7 

52 

1 

11,854 

.16 

94.07 

6-9-6 

53 

2 

11,304 

.16 

94.23 

5-10-10 

54 

17 

10,806 

.15 

94.38 

0-10-20 

55 

9 

10,443 

.15 

94.53 

3-6-10 

56 

1 

10,038 

.14 

94.67 

3-10-10 

57 

15 

9,312 

13 

94.80 

4-4-8 

58 

3 

9,166 

.13 

94.93 

0-0-5 

59 

2 

8,596 

.12 

95.05 

17-7-0 

60 

1 

8,260 

.12 

95.17 

0-0-6 

61 

3 

7,908 

.11 

95.28 

2-10-4 

62 

10 

7,715 

.11 

95.39 

5-8-8 

63 

2 

7,703 

.11 

95  50 

8-0-12 

64 

2 

7,588 

11 

95.61 

6-J.0-4 

65 

4 

7,228 

.10 

95.71 

6—6—6 

66 

1 

7,164 

.10 

95.81 

5-6-10 

67 

1 

7,125 

10 

95.91 

6-4-8 

68 

1 

6,785 

-09 

96.00 

5-5-8 

69 

1 

6,264 

.09 

96.09 

12-0-10 

70 

1 

5,776 

.08 

96.17 

6-12-8 

71 

10 

5,237 

.07 

96.24 

0-16-8 

72 

13 

5,224 

.07 

96.31 

3-15-0 

5-6-8 

0-14-5 

4  24-12 

518  other  grades 

Misc.  grades  unspecified 

73 

74 

75 

76 

2 

4 

2 

11 

5,162 

5,154 

5,120 

5,115 

187,225 

55,876 

.07 

.07 

.07 

.07 

2.63 

.78 

96.38 
96.45 
96.52 
96.59 
99.22 
100 . 00 

Continental  United  States 

7,145,345 

- - - 

*  Tonnage  actually  reported,  tstimatea  co  ue  yjy^  r 

t  In  addition  the  Agricultural  Agency  distributed  150,262  tons  of  0  14  . 
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Fertilizer  Grades  Offered  for  Sale  in  the  United  States 

About  600  different  grades  of  mixed  fertilizers  were  sold  in  the  United 
States  during  the  1943  season.  If  minor  variations,  such  as  source  of 
nutrients,  be  taken  into  account  and  counted  as  separate  grades  rhe  number 
of  grades  sold  would  probably  be  over  twice  this  number. 

The  state  of  Florida  employs  more  different  grades  than  any  other 
state.  Mehring,  Deming,  and  Willett  estimated  in  1940  that  Florida  em¬ 
ploys  400  to  425  grades.  Of  the  states  using  relatively  large  tonnages  of 
fertilizer,  Alabama  uses  only  nine  grades  and  Mississippi  only  four  grades. 
In  general,  it  can  be  said  that  in  most  states  the  leading  grade  used  by  the 
state  accounts  for  one-fifth  to  one-half  of  the  state’s  total  consumption,  and 
that  the  10  leading  grades  in  most  states  account  for  two-thirds  or  more  of 
the  total  consumption  of  mixed  fertilizers.  In  Table  99  is  given  the  rank  of 
the  principal  grades  of  mixed  fertilizers  consumed  in  the  United  States  in 
1943  as  compiled  by  Mehring,  Bailey  and  Wallace  (1944).  During  the 
period  of  World  War  II  directives  from  the  War  Production  Board  limited 
the  number  of  grades  that  could  be  sold  in  each  state. 

1 

Carriers  of  Plant  Nutrients 

The  term  carrier  is  used  to  indicate  the  material  in  which  the  plant 
nutrient  is  found.  For  instance,  sodium  nitrate,  superphosphate,  and 
potassium  sulfate  are  carriers  of  nitrogen,  phosphoric  acid,  and  potash 
respectively. 

Physical  Characteristics  of  Fertilizer  Materials 

The  physical  characteristics  of  fertilizer  materials  have  been  given  in 
pervious  chapters.  It  will  be  recalled  that  the  physical  characteristics  of 


Table  100 

Relative  Humidity  at  Which  Some  Fertilizer 
Materials  Begin  to  Absorb  Water 


Material 

Per  Cent 

Ammonium  nitrate. 

59.4 
79.2 
46.7 
84.0 

72.4 

72.5 

Ammonium  sulfate 

Calcium  nitrate .  . 

Potassium  chloride 

Sodium  nitrate. . . 

Urea .... 

— - _____ 
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many  salts  are  influenced  greatly  by  their  content  of  absorbed  water.  In 
Table  100  are  given,  according  to  Adams  and  Merz  (1929),  the  relative 
humidities  at  which  some  fertilizer  materials  begin  to  absorb  water  at  an 
air  temperature  of  86°  Fahrenheit. 

Granulated  Materials 

Many  fertilizer  materials  are  either  too  coarse  or  too  fine  for  proper 
distribution  and  are  improved  by  granulation.  A  granulated  product  is  one 
that  has  been  concentrated  into  comparatively  small  nonpulverized  parti¬ 
cles  of  approximately  uniform  size.  The  granulation  of  mixed  goods  pre¬ 
vents  the  segregation  of  compounds  and  greatly  reduces  their  tendency  to 
cake  or  to  become  sticky.  As  a  rule  granulated  fertilizers  can  be  dis¬ 
tributed  uniformly  by  most  fertilizer  distributors.  This  is  not  true  of  most 
pulverized  fertilizers.  The  use  of  granulated  materials  for  compounding 
mixed  fertilizers  is  objectionable,  however,  for  segregation  may  be  pro¬ 
moted  unless  all  the  granulated  materials  used  are  of  like  size.  Granulated 
materials  will  not  "film”  fertilizer  distributing  machinery  and  they  may  be 

introduced  into  the  soil  at  the  correct  depth. 

The  processes  of  granulation  now  being  used  vary  with  the  materials  to 

be  granulated,  but  in  general  the  processes  may  be  grouped  into  five 
methods,  as  follows:  Compressing,  graining,  shredding,  spraying  and 
rotary  drying.  Spraying  gives  the  most  uniform  product  but  rotary  drying 
seems  to  offer  the  most  promise  for  the  commercial  granulation  of  fertilizer 
mixtures.  Progress  is  being  made  in  the  granulation  of  complete  fertilizers 
and  the  time  may  come  when  most  mixed  fertilizers  wi  1  be  granulate 
and  bagged  as  soon  as  mixed.  The  expense  of  basing  will  thus  be  el, mi- 
nated  and  at  present  this  amounts  to  at  least  $1.50  a  ton. 

The  relative  changes  that  take  place  in  the  composition  of  granular 
and  powdered  fertilizers  in  the  soil  have  been  studied  by  Sayre  and  C  ai 

(1938). 

Production  of  Neutral  Fertilizers 

At  tire  beginning  of  World  War  II,  for  the  first  time  since  about  1909, 

*  '  ,  fertilizer  on  the  American  market  was  physiologically 

the  average  complete  ^  reaction  of  the  soil, 

neutral,  that  is,  its  use  would  not  materially  ^  ^ 

In  the  illustration  on  p.  3  Vrnmnlete  fertilizers  sold  in  this 

*•  b,  *>■  .b<*®r 

^  ■»»  -  ““ im  *• 


CoCOj 
per  ton 
I60r 
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Fig.  125.  Average  equivalent  acidity  or  basicity  of  complete  fertilizers  sold  in 
the  United  States  since  1880.  (Courtesy,  A.  L.  Mehring.) 

it  reached  an  equivalent  acidity  of  152  pounds  of  CaC03  per  ton.  Since 
1933  it  has  been  decreased  so  that  today  approximate  neutrality  has  been 
reached.  This  reduction  in  acidity  has  been  accomplished  by  the  use  of 
nonacid-forming  materials  to  supply  nitrogen  and  to  the  greatly  increased 
use  of  dolomite  as  filler. 

Lime  has  been  used  in  the  preparation  of  fertilizers  since  about  1890. 
It  is  true  that  at  first  this  material  was  used  only  as  a  conditioner  to  im¬ 
prove  drillability,  and  to  neutralize  any  free  acids  that  might  otherwise 
destroy  fertilizer  bags.  Later  the  use  of  Cyanamid  and  ammonia  liquors 
made  the  use  of  lime  for  this  purpose  unnecessary. 

Liming  materials  have  been  used  also  in  the  manufacture  of  calcium 
cyanamide  and  precipitated  bone  for  diluting  superphosphate,  and  as  a 
source  of  magnesium. 


Sale  of  Fertilizer  Governed  by  Law 

The  introduction  of  mixed  fertilizers  on  the  fertilizer  market  resulted 
m  the  sa  e  of  low-grade  mixtures  in  competition  with  those  of  higher 
ana  ysrs.  In  the  United  States,  in  an  attempt  to  protect  the  farmers  against 
fraudulent  goods,  every  state  except  Nevada  has  passed  laws  governing  the 
ale  of  fertilizers,  and  many  states  have  provided  for  systems  of  inspection 
and  analysis.  State  laws  generally  specify  that  all  fertilizer  analyses  be 

Chemists^  ^  °lhC'al  met'’°ds  °f  the  delation  of  Official  Agricultural 
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Provisions  Common  to  Most  Fertilizer  Laws 


Provisions  common  to  most  state  fertilizer  laws  require  that  there  be 
printed  on  the  fertilizer  bag,  or  on  a  tag  attached  to  the  bag,  the  following 
information: 

1.  Name  and  address  of  manufacturer. 

2.  Name,  brand,  or  trademark. 

3.  Number  of  net  pounds  of  fertilizer  to  the  package. 

4.  Chemical  composition  or  guarantee. 

When  a  fertilizer  falls  below  the  guarantee  as  determined  by  control 
chemists  the  manufacturer  is  subject  to  prosecution,  though  some  allow¬ 
ance  usually  is  made  for  a  small  variation  in  the  guarantee.  Some  states 
allow  a  leeway  of  0.1  to  0.2  per  cent  for  nitrogen,  and  0.2  to  0.3  per  cent 
for  phosphoric  acid  and  potash.  The  analyses  of  most  commercial  ferti¬ 
lizers  generally  are  found  to  be  equal  to,  or  greater  than,  the  guarantee. 
Although  the  farmer  is  protected  by  his  state  laws,  it  is  probable  that  the 


publicity  derived  from  the  annual  publication  ol  the  findings  of  the  agency 
of  fertilizer  control  is  more  effective  than  the  laws  in  checking  fraudulent 
guarantees. 

The  chemical  examination  of  fertilizers  and  the  enforcement  of  the  law 
are  delegated  usually  to  the  state  agricultural  experiment  station,  to  the 
state  department  of  agriculture,  to  the  state  chemist,  or  to  any  two  of  these 
agencies.  From  time  to  time  the  various  fertilizers  offered  for  sale,  whether 
mixtures  or  separate  carriers,  are  sampled  under  official  supervision  on  the 
market  throughout  the  state,  and  the  samples  sent  to  the  control  labora¬ 
tory  and  analyzed.  Periodically  the  findings  of  the  chemists  are  published 
in  bulletin  form  and  copies  of  this  bulletin  may  be  secured  upon  request 
by  anyone  interested.  These  publications  usually  contain  lists  of  registered 
brands,  guaranteed  and  found  analyses,  the  forms  of  nitrogen  in  the 
samples  analyzed  and  other  useful  information.  Expenses  incident  to  the 
inspection  and  control  are  usually  defrayed  by  a  tonnage  tax  or  license  fee. 
Partially  as  a  result  of  these  laws,  it  seldom  happens  that  a  fertilizer  w  ic 
has  been  compounded  purposely  to  defraud,  as  far  as  the  total  quantity  of 
plant  nutrients  is  concerned,  is  put  on  the  market.  Nevertheless,  some  ow- 
grade  materials  do  get  to  the  farm  at  a  price  per  unit  paid  by  the  farmer 

for  that  of  highest  quality. 


-  Value  of  State  Fertilizer  Laws 

The  state  fertilizer  laws  that  require  a  guarantee  not  only  protect  the 
farmer,  but  help  also  to  protect  those  manufacturers  who  are  attempting 
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to  conduct  their  businesses  on  a  high  ethical  plane.  These  laws  require  the 
manufacturer  or  dealer  in  fertilizers  to  state  the  actual  percentages  of  availa¬ 
ble  nitrogen,  available  phosphoric  acid,  and  water-soluble  potash  con¬ 
tained  in  the  fertilizers  which  are  offered  for  sale.  Often  they  require  that 
the  carriers  of  the  various  nutrients  be  stated.  The  guarantee  helps  to  pre¬ 
vent  materials  of  low  analysis  from  competing  on  an  equal  basis  with  those 
of  high  analysis. 

Although  the  guarantee  may  be  required  by  law,  this  does  not  protect 
the  farmer  entirely.  Frequently,  farmers  pay  without  protest  exhorbitant 
prices  for  their  fertilizers,  either  because  the  required  analysis  does  not  give 
sufficient  information  or  because  the  farmers  do  not  understand,  and  make 
no  effort  to  understand,  the  guarantee.  More  often  than  not  the  farmer  is 
guided  in  his  choice  of  a  fertilizer  by  the  cost  per  ton.  Fertilizers  having  a 
low  retail  price  are  usually  low  grade  from  the  standpoint  of  total  plant 
nutrients  present,  or  from  the  standpoint  of  availability,  or  both.  The  cost 
per  unit  of  fertilizer  nutrients  in  low-analysis  complete  fertilizers  is  always 
higher  than  the  cost  per  unit  of  fertilizer  nutrients  in  high-analysis  com¬ 
plete  fertilizers,  even  when  the  carriers  of  the  various  plant  nutrients  are 
the  same.  This  is  because  the  cost  of  labor  in  mixing,  and  the  cost  of 
freight,  hauling,  and  handling  is  the  same  for  the  low-analysis  as  for  the 
high-analysis  mixtures.  Before  purchasing,  farmers  always  should  study  the 
fertilizer  guarantee  in  relation  to  the  selling  price  of  the  fertilizer. 


Methods  Employed  in  Reporting  Guarantee 

The  present  method  of  reporting  the  chemical  analyses  of  fertilizers  is 
antiquated  and,  to  the  uninitiated,  misleading.  It  must  be  admitted,  how¬ 
ever,  that  some  progress  is  being  made,  for  until  recently  in  some  states 
the  element  nitrogen,  regardless  of  the  chemical  form  in  which  it  might  be 
found  in  fertilizer  materials,  was  reported  as  ammonia.  The  use  of  the  term 
phosphoric  acid  is  confusing  and  should  be  changed  to  phosphorus.  The 
ertilizer  chemist  uses  the  term  phosphoric  acid  to  refer  to  the  chemical 
compound  phosphorus  pentoxide.  No  actual  phosphorus  pentoxide  is 
found  in  any  fertilizer  material.  In  fertilizer  analytical  work  the  chemist 
etermmes  the  amount  of  phosphorus  that  is  present  and  then  calculates  its 
equivalent  in  phosphorus  pentoxide.  Likewise,  no  actual  potash  is  found 
n  any  fertilizer  material,  and  in  analytical  work  the  chemist  determines  first 

he  potassium  content  and  then  calculates  and  reports  an  equivalent  in 
terms  of  potassium  oxide  or  potash.  " 

Many  students  of  fertilizers  are  looking  forward  to  the  day  when  the 
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general  concensus  of  opinion,  as  well  as  stare  laws,  will  demand  that  the 
phosphorus  and  potassium  be  reported  on  the  elemental  basis  instead  of  as 
phosphorus  pentoxide  and  potash.  All  state  laws  now  require  that  the 
nitrogen  be  reported  on  the  elemental  basis. 

State  laws  also  govern  the  form  in  which  rhe  guarantee  may  be  stated. 
Usually  the  nitrogen  must  be  reported  only  in  terms  of  available  nitrogen. 
Phosphorus  must  be  reported  in  terms  of  available,  that  is  citrate-soluble 
phosphoric  acid  and  potassium  in  terms  of  water-soluble  potash.  Thirty-six 
state  laws  now  require  that  the  percentages  of  nutrients  in  mixed  fertilizers 
must  be  expressed  in  whole  numbers  only. 

Unfortunately,  in  former  years  the  fertilizer  laws  of  some  states 
allowed  the  fertilizer  nutrients  to  be  reported  as  certain  equivalents.  For 
instance,  nitrogen  could  be  reported  as  its  equivalent  of  ammonia,  phos¬ 
phoric  acid  as  its  equivalent  of  bone  phosphate  of  lime,  and  potash  as  its 
equivalent  of  muriate  of  potash.  These  equivalents  often  lead  the  con¬ 
sumer  to  believe  that  he  was  receiving  more  than  when  the  actual  nutrients 
were  guaranteed. 

In  all  states  the  required  order  to  be  followed  in  reporting  a  fertilizer 
guarantee  is  nitrogen,  phosphoric  acid  and  potash.  According  to  this 
standard  a  4-10-6  analysis  means  4  per  cent  of  nitrogen,  10  per  cent  ot 
available  phosphoric  acid,  and  6  per  cent  water  soluble  potash.  Formerly, 
most  of  the  Southern  states  used  the  order  phosphoric  acid,  ammonia 
equivalent  of  nitrogen,  and  potash.  In  recent  years  their  state  laws  were 
changed  to  allow  the  order  to  correspond  with  that  followed  interna¬ 
tionally  and  in  the  United  States  generally.  This  standardization  was 
brought  about  largely  through  the  efforts  of  the  National  Fertilize! 


Association.  . 

State  laws  vary  as  to  the  information  the  guarantee  must  include.  Some 

do  not  require  all  the  information  that  may  be  desired,  while  others  require 

much  information  that  is  of  little  value  and  often  much  that  is  confusing 

to  the  farmer.  For  all  practical  purposes  an  analysis  should  give  the  follow- 

ing  information: 

1  Percentage  of  water-soluble  nitrogen. 

2  Percentage  of  water-insoluble  nitrogen. 

3.  Percentage  of  available  insoluble  nitrogen. 

4.  Percentage  of  available  phosphoric  acid. 

5  Percentage  of  water-soluble  potash. 

6.  A  statement  as  to  whether  the  fertilizer  is  acid-formmg  ot  nonaad- 


forming. 
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In  some  cases  the  percentages  of  chlorine  (maximum  per  cent),  man¬ 
ganese,  zinc,  copper,  and  magnesium  may  be  desired. 

The  guarantee  of  fertilizers,  as  usually  given,  shows  simply  the  per¬ 
centages,  in  whole  numbers,  ol  the  various  nutrient  elements  present 
and  gives  little  information  as  to  their  sources.  The  analysis  of  a  complete 
fertilizer  as  represented  by  the  guarantee  does  not,  and  cannot,  give  all 
that  may  be  desired  in  regard  to  the  source  of  materials.  Fertilizer  mixtures 
in  particular  can  be  easily  adulterated  and  detection  may  be  very  difficult 
or  impossible  even  when  the  mixture  is  subjected  to  a  chemical  analysis. 
Now  that  very  high-analysis  organic  nitrogen  compounds,  such  as  calcium 
cyanamide  and  urea,  are  available,  the  unscrupulous  manufacturer  may  mix 
these  with  low-grade  water-insoluble  organics  and  produce  a  mixture  that 
will  pass  inspection  in  some  states. 

Fertilizer  Formula 

The  Association  of  Official  Agricultural  Chemists  defines  the  term 
formula  as  expressing  the  quantity  and  grade  of  the  crude  stock  materials 
used  in  making  a  fertilizer  mixture;  for  example,  800  pounds  of  20  per 
cent  superphosphate,  800  pounds  of  9_20  tankage,  and  400  pounds  of 
sulfate  of  potash-magnesia.  When  the  analysis  as  well  as  the  formula  is 
given  on  the  tag  or  bag,  such  a  guarantee  is  called  an  open  formula  guaran¬ 
tee.  The  South  Carolina  state  laws  require  that  the  open  formula  guarantee 
be  given. 

Fertilizer  Ratios 

A  fertilizer  ratio  is  the  ratio  existing  between  the  percentages  of  nitro¬ 
gen,  phosphoric  acid,  and  potash  found  in  a  fertilizer.  For  instance,  a 
3-9-3  or  a  4-12-4  grade  would  have  a  1-3-1  ratio.  In  recent  years  much 
discussion  has  revolved  around  the  subject  of  fertilizer  ratios  and  it  is 
hoped  that  these  discussions  will  do  much  toward  bringing  about  a  reduc¬ 
tion  in  the  number  of  fertilizer  grades  now  found  on  the  market.  It  is  of 
interest  to  note  that  a  study  of  the  fertilizer  recommendations  for  field 
crops  made  in  the  Southeast  reveals  a  tendency  toward  a  1-1-1  ratio, 
provided  the  nutrients  ate  expressed  as  nitrogen,  phosphorus,  and  potassium. 
The  most  common  ratios  now  employed  for  the  older  cropped  soils  of  the 
East  and  South  are  a  1-2-2  and  a  1-1-1,  whereas  formerly  it  was  much 
lgher.  On  the  newer  soils  of  the  West  the  most  common  ratio  was  1-8-1 

and  1-6-1,  but  now,  according  to  Romaine  (1940)  the  ratios  are  changing 
to  a  1-2-1,  1-4-4,  and  1-2-2.  .  5  ® 
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Hibbard  (1927)  concluded  that  as  yields  of  wheat,  oats,  and  corn  were 
the  same  when  grown  under  somewhat  wide  variations  of  nutrient  ratios, 
nothing  could  be  gained  by  attempting  to  find  a  definite  ratio  or  physio¬ 
logical  balance  through  the  commonly  employed  triangular  system  of  ferti¬ 
lizer  tests.  This  view  however,  is  not  generally  held  by  fertilizer  specialists. 


Fig.  126.  Extrusion  machine  for  making 
fertilizer  drillable.  (Courtesy,  Swann  Chemical 
Company.) 


Varied  Sources  of  Factory-mixed  Fertilizers 

The  materials  that  go  into  factory-mixed  fertilizers  ate  many  and  varied 
The  fertilizer  manufacturer  uses  satisfactorily  many  materials  that  canno 
be  used  by  the  farmer  in  the  manufacture  of  home-mixed  fertilizers  Be- 
cause  of  this  fact  alone  the  industry  may  be  said  to  perform  an  impor 
economic  service  and  to  justify  its  existence. 

Processes  Involved  in  the  Manufacture  of  Complete 
Fertilizers 
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simply  of  getting  together  the  ingredients,  such  as  superphosphate,  am¬ 
monium  sulfate,  fish  scrap,  and  muriate  and  sulfate  of  potash,  or  other 
materials  from  which  the  complete  fertilizers  are  to  be  compounded. 
Many  of  the  raw  materials  need  pulverizing,  and  in  such  cases  are  usually 
ground.  Often  the  raw  materials  contain  their  plant  nutrients  in  a  form 
relatively  unavailable  for  plant  use  and  must  be  acidulated  or  processed. 
They  are  then  so  compounded  that  proper  recognition  is  given  to  chemical 
reactions  as  well  as  to  the  demands  of  the  farmer. 

I 

If  a  manufacturer  of  complete  fertilizers  buys  his  superphosphate  in¬ 
stead  of  making  it,  he  manufactures  his  fertilizers  according  to  what  is 
known  as  the  dry-mix  process,  which  consists  of  mixing  the  various  neces¬ 
sary  fertilizer  materials  in  their  dry  state.  If  the  manufacturer  makes  his 
superphosphate,  he  usually  employs  what  is  known  as  the  wet-mix  process, 
which  consists  of  adding  his  sulfuric  acid  directly  to  the  mixture  of  ma¬ 
terials  that  must  be  acidulated,  and  then  allowing  the  mass  to  cure.  After 
the  materials  have  been  treated  and  allowed  to  dry  and  cure  they  are 
ground  thoroughly,  mixed  with  other  fertilizer  materials  if  necessary, 
bagged,  and  stored  or  shipped.  A  fertilizer  factory  which  employs  the 
wet-mix  process  generally  consists  of  the  following  units:  First,  a  sulfuric 
acid  manufacturing  plant;  second,  storage,  grinding,  mixing,  and  ship- 
ping  plant:  third,  wharves,  sidings,  repair  shops,  offices,  and  chemical 
laboratories. 


There  are  four  types  of  commercial  fertilizer  factories:  First,  the  com¬ 
plete  plant  that  manufactures  its  own  sulfuric  acid;  second,  the  plant  that 
buys  its  sulfuric  acid,  but  grinds  its  own  phosphate  rock  and  acidu¬ 
lates  it;  third,  the  plant  that  makes  only  its  ammoniates  and  buys  its  other 
materials;  fourth,  the  dry-mixing  plant  which  buys  its  materials  and  mixes 
them  much  as  the  farmer  does  when  he  home-mixes.  In  Table  101  is 
given,  according  to  the  American  Fertilizer  Handbook  for  1938,  the  num¬ 
ber  of  fertilizer  factories,  by  classes,  in  the  United  States  during  that  year 
and  in  Table  102  is  given,  according  to  the  Fertilizer  Review  (March-April, 
938)  the  location  of  the  fertilizer  plants  and  phosphate  deposits  in 

information  “  1938'  Thcse  tableS  represent  the  latest  available 

These  tables  are  representative  of  a  prewar  year.  Many  new  plants  and 

Wa7liebutTentfS  t0  °ld  PKamS  WCre  bUlk  dUnng  thC  Peri°d  of  World 

War  but  this  information  has  not  been  compiled  since  the  dose  of  the 


368 


Principles  Underlying  the  Purchase  of  Fertilizers 


Table  101 

Location  of  Fertilizer  Plants  and  Phosphate  Deposits 
in  the  United  States  in  1938 


State 

Sulfuric 
Acid , 
Super¬ 
phosphate, 
and 
Mixed 
Fertilizers* 

Super¬ 

phosphate 

and 

Mixed 

fertilizers* 

Mixed 

Ferti¬ 

lizers* 

Concen¬ 

trated 

Super- 

hospbate] 

Synthetic 
Nitrogen  + 

By¬ 

product 

Nitrogen 

(Coke 

Plants) 

Potash 

* hosphate 
Rock 
Fields 

5 

11 

37 

1 

8 

1 

X 

1 

1 

12 

3 

52 

2 

1 

2 

1 

1 

6 

1 

8 

1 

X 

4 

3 

46 

2 

20 

16 

148 

v 

.  . 

3 

8 

1 

4 

4 

»  •  • 

8 

10 

6 

3 

*  * 

X 

1 

4 

1 

5 

1 

8 

*  * 

14 

1 

6 

3 

31 

3 

1 

6 

3 

1 

1 

7 

2 

4 

0 

3 

5 

12 

i 

2 

1 

X 

1 

o 

2 

2 

22 

1 

8 

1 

1 

19 

3 

8 

7 

70 

15 

6 

12 

12 

4 

13 

1 

2 

1 

27 

1 

1 

X 

10 

5 

76 

•  * 

1 

X 

5 

6 

3 

3 

3 

19 

1 

i 

X 

* 

1 

29 

12 

i 

X 

8 

3 

i 

i 

4 

.  . 

2 

•  • 

4 

*  *  . 

X 

Wyoming . 

i 

2 

Total . 

98 

93 

722 

9 

11 

91 

2 

10 

column  1  are  known  as  complete  fertilizer  plants;  those  in 


column  2  as  acidulating 


*  The  plants  listed  in  «. -  .  .  ,  _ 

plants;  and  those  in  column  3  as  superphosphate  plants,  and  the  government 

plMt^Xtocfc  Sho“n  Et  do  no.  «£  -  0- 

S  P-oduc  in  .he  Unhed  S...e, 
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Table  102 

Number  of  Fertilizer  Factories,  by  Classes,  in  the  United  States,  1938 


State 


Northeastern: 

Maine . 

Vermont . 

Massachusetts .  . 
Rhode  Island .  .  . 
Connecticut.  .  .  . 

New  York . 

New  Jersey . 

Pennsylvania .  .  . 
Delaware. ...... 

Maryland . 

Southeastern: 

Virginia . 

West  Virginia.  . . 

Kentucky . 

Tennessee . 

North  Carolina .  . 
South  Carolina. . 

Georgia . 

Florida . 

Alabama . 

Mississippi . 

Lake: 

Ohio . 

Indiana . 

Illinois . 

Michigan . 

Wisconsin . 

South  Central: 

Arkansas . 

Louisiana . 

Texas . 

California . 

All  other  States  .  . 

Total,  1938. .  .  . 

Total  in  1932.  . 
Total  in  1928.  . 


Number 
of  Cities 
with 
Plants 


10 

1 

10 

1 

6 

15 

24 

28 

6 

20 

24 

1 

2 

10 

54 

54 

105 

32 
34 

14 

15 
15 

5 

6 
5 

7 

7 

17 

26 

33 


587 


539 

482 


1 

5 

9 

9 

20 

5 

6 
3 


4 

1 


109 


118 

106 


Class * 


B 


5 

7 

5 

19 

3 

10 

5 

13 

7 

5 

1 


101 


106 

99 


1 

8 

2 

3 


2 

5 

17 


53 


6 

54 


D 


13 
1 
6 
1 
8 

14 

23 

24 
8 

36 

36 

1 

2 

2 

68 

76 

145 

47 

41 

10 

8 

10 

2 

4 

3 

9 

8 

19 

51 

27 


703 


591 

545 


14 

28 


Number 
of  Plants 


14 
1 

15 
1 
9 

17 
26 
35 

8 

50 

50 

1 

7 

12 

88 

90 

185 

55 

57 

18 

31 

18 

17 

7 

5 

12 

14 

24 

62 

46 


975 


889 

832 


’  $  SSSh“ST,  “d  “T*  equipm“'' 

acid  chambers).  8’  c  ^u^atIn8-  and  mixing  equipment  (without 

acid  chambers,  rock  grinding^/aS  °"ly  but  haVe  mixing  «J“'P<nent  (without 

unclassified. PkntS'  ^  Cquipment  but  bu^"S  ingredients. 
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How  Fertilizers  Are  Shipped 

Generally,  mixed  fertilizers  are  shipped  in  burlap  bags,  the  standard 
sizes  of  bags  used  being  100,  112,  125,  167,  and  200  pounds,  according  to 
the  demands  of  the  trade.  Burlap  is  imported  from  India  in  bales  contain¬ 
ing  2,000  yards  each.  It  is  manufactured  into  bags  at  bag  factories  in  this 
country.  Cotton  bags  are  replacing  burlap  bags  to  a  limited  extent.  Many 
separate  fertilizer  materials  are  bagged  in  paper  bags.  The  five-ply  double 
laminated  paper  bags  are  excellent  for  shipping  and  storing  ammonium 
nitrate,  and  are  cheaper  than  burlap  and  cotton  bags.  In  the  Southeast 
mixed  fertilizer  is  generally  shipped  in  200-pound  bags,  but  in  the  North 
and  West  it  is  frequently  loaded  in  bags  of  smaller  or  irregular  sizes,  that 
is,  100,  125,  and  167  pounds. 

A  recent  survey  conducted  by  the  Division  of  Cotton  Marketing  ot 
the  United  States  Department  of  Agriculture,  showed  that  approximately 
two-thirds  of  the  bagged  fertilizer  handled  in  this  country,  that  is,  mixed 
and  non-mixed  fertilizers,  was  handled  in  100-pound  bags,  and  one-fourth 
was  handled  in  200-pound  bags. 


Unit  Basis  of  Purchase 

The  purchase  of  fertilizers  may  be  made  on  the  unit  or  on  the  ton  basis. 
A  unit  is  a  term  used  to  designate  1  per  cent  of  a  ton,  or  20  pounds.  In  the 
trade,  sales  of  fertilizer  materials  are  nearly  always  made  on  the  unit  basis. 
This  is  an  excellent  basis  of  trading,  for  it  cannot  be  otherwise  than  fair  to 
both  consumer  and  dealer. 

Sometimes  the  ton  basis  of  purchase  of  fertilizer  is  employed.  With  the 
standard  high-analysis  products  this  is  a  satisfactory  method  of  trading  as 
such  materials  do  not  vary  greatly  in  their  chemical  composition.  Sales 
made  according  to  this  method  usually  are  based  upon  the  minimum 
guarantee  of  the  plant  nutrients  contained  in  the  material. 


Agricultural  Value  of  a  Fertilizer 

The  term  agricultural  value,  as  applied  to  fertilizers,  represents  the 
value  of  the  increase  in  crop  yield  produced  by  the  use  of  a  ton  of  the 
fertilizer  in  question.  It  is  a  variable  factor  depending  not  only  upon  the 
availability  of  the  plant  food  constituents  of  the  fertilizer,  but  also  upon 
the  soil  and  climatic  conditions  under  which  the  crop  is  grown,  the  rate  o 
fertilizer  application,  and  the  market  value  of  the  crop  tested.  Expet  - 
mental  evidence  secured  by  Conner  (1931)  at  the  Indiana  Experiment  Sta¬ 
tion  indicates,  as  might  be  expected,  that  the  agricultural  value  of  some 
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Fig.  127.  A  drillable,  concentrated  fertilizer.  This  fertilizer  is  in  the  form  of 
cylindrical  granules  resembling  rifle  powder,  about  one-eighth  of  an  inch  in  length. 
(Courtesy,  Swann  Chemical  Company.) 

fertilizer  materials  may  be  influenced  by  the  fineness  of  division  of  the 
material.  Slowly  acting  materials  can  seldom  be  applied  profitably  to 
quickly  growing  crops.  Likewise,  expensive  materials  cannot  always  be 
applied  profitably  to  crops  of  relatively  low  market  value.  As  weather 
conditions  are  constantly’  changing,  the  agricultural  value  of  a  fertilizer 
must  necessarily  vary  somewhat  from  year  to  year,  even  when  the  same 
variety  of  crop  is  grown  on  the  same  field,  and  the  same  rate  of  fertilizer 
application  is  used. 

At  one  time  color  played  a  part  in  the  farmer’s  selection  of  fertilizers. 
Dark-colored  fertilizers  held  the  highest  place  in  popular  favor,  but  with¬ 
out  reason.  Occasionally,  even  today,  farmers  are  known  to  call  for  red 
kainite.  It  is  said  that  in  some  cases  in  order  to  meet  this  popular  fancy 
some  fertilizer  manufacturers  formerly  dyed  their  product.  Today  there  are 
found  on  the  market  a  few  brands  of  top  dressings  that  have  been  dyed  for 
the  purpose  of  giving  to  the  product  an  identification  mark  that  might 
readily  be  recognized  by  the  farmer.  Odor,  too,  influences  some  farmers 
in  making  their  fertilizer  selections,  but  neither  color  nor  odor  should  be 
used  as  a  criterion  for  determining  the  agricultural  value  of  a  fertilizer. 

Commercial  Value  of  a  Fertilizer 

The  term  commercial  value  of  a  fertilizer  should  not  be  confused  with 
ne  term  agricultural  value.  The  commercial  value  of  a  fertilizer  is  deter- 
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mined  entirely  by  the  market  or  trade  conditions.  Fertilizers  should  be 
bought  on  a  basis  of  their  guaranteed  analysis. 

The  wholesale  price  which  the  manufacturers  paid  for  the  ingredients 
that  went  into  their  mixed  fertilizers  in  a  recent  year  was  about  $4.15  a  unit 
for  water-insoluble  organic  nitrogen,  $1.76  a  unit  for  water-soluble  nitro¬ 
gen,  $.70  a  unit  for  available  phosphoric  acid,  and  about  $.75  a  unit  for 
water-soluble  potash.  From  these,  or  similar  figures,  the  approximate 
wholesale  commercial  value  of  the  ingredients  that  go  into  a  mixed 
fertilizer  can  be  determined  as  follows  if  the  guarantee  ot  the  fertilizer  is 

known. 

We  arrive  at  the  approximate  wholesale  commercial  value  of  a  ton  of 
mixed  fertilizer  by  multiplying  the  value  per  unit  of  each  nutrient  by  its 
corresponding  per  cent — that  is,  by  the  number  of  units  of  the  nutrients 
given — and  then  add  the  products  in  order  to  find  the  commercial  value 
per  ton  of  2,000  pounds.  For  example,  take  a  4-8-4  fertilizer  containing  2 
units  of  its  nitrogen  as  water-soluble  inorganic  and  2  units  as  available 
water-insoluble  organic,  and  use  the  above  prices  as  a  basis. 


Available  water-insoluble  nitrogen . 

Water-soluble  nitrogen . 

Phosphoric  acid . 

Potash . . . ‘ 

Wholesale  commercial  value  per  ton  ot 

2,000  pounds . 


2  by  $4.15  gives  $8.30 
2  by  $1.76  gives  $3-52 
8  by  $  .70  gives  $5.60 
4  by  $  .75  gives  $3  -00 

.  $20.42 


To  ascertain  the  approximate  retail  value  an  amount  sufficent  to  cove 
such  charges  as  cost  of  mixing,  bagging,  sh.pping,  sellmg  of  g°°ds-  a" 
profit  must  be  added.  Thts  amount  is  usually  about  20  pet  cent  of  the 

WhM?ny  states  pubUsh  each  year  a  schedule  of  trade  va.uesfot  the  various 
plant  nutrients.  These  prices  the 

annual  dtmeo'f  publication.  This  datemay  be  as  early  as  October  1  in  some 
annual  da  p  ^  Qthers  In  Table  103  >s  given,  as  an 

:rPle  the  schedule  of  trade  values  published  on  October  1.  1937  and 

1941,  for  the  State  of  South  Carolina.  used  tQ  proximate 

When  a  schedule  similar  to  those  giv  that 

the  commercial  value  of  mixed  fern  izers  its  ou^  to  indicate 

such  an  evaluation  is  entirely  commercia  in  mind  that  trade 

XrtSt^irar^uuaUy  cha/gmg  and  that  any 
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schedule  of  trade  values  may  soon  be  out  of  date.  Furthermore,  many  farm¬ 
ers  do  not  understand  the  meaning  of  such  calculated  evaluations.  They 
are  likely  to  place  more  emphasis  on  the  evaluation  itself  rather  than  upon 
the  kind,  form,  and  proportion  of  constituents  in  the  fertilizer  upon  which 
the  agricultural  value  must  depend  to  a  great  extent. 

Table  105 


Average  Cash  Prices  per  Ton,  at  the  Ports,  of  Unmixed  Ingredients  Used 
in  the  Manufacture  of  Complete  Fertilizers  in  South  Carolina,  Based  on 
the  Most  Reliable  Quotation  Available  for  Seasons  1937  and  1941* 


Per  Unit 

Per  Pound 

1957 

1941 

1957 

1941 

Phosphoric  acid  (available) . 

$  .75 

$  .70 

$  03 % 

$  ■  03% 

Ammonia  in  ammonium  sulfate. ....... 

1.25 

1.50 

•  0  6% 

01% 

Ammonia  in  sodium  nitrate . 

1.70 

1.82 

08% 

.0934 

Ammonia  in  cyanamide . 

1.25 

1.50 

•  0  6% 

■  07% 

Ammonia  in  dried  blood . 

4.15 

3.79 

-20% 

.19 

Ammonia  in  nitrogenous  tankage . 

4.10 

3.17 

-20% 

.15% 

Ammonia  in  domestic  fish . 

4.00 

4.23 

.20 

-.21% 

Ammonia  in  cottonseed  meal . 

4.90 

5.18 

.24% 

.26 

Potash  in  kainite . 

.80 

.74 

.04 

.03% 

Potash  in  manure  salts . 

.75 

■  64. 

■  05% 

.03 

Potash  in  muriate . 

.65 

.57 

.03% 

.03 

Potash  in  sulfate . 

85 

.86 

■  04% 

■  04% 

In  mixed  fertilizers  the  ingredients  were  reckoned  as 

follows: 

Phosphoric  acid  (available) . 

.80 

.70 

.04 

■  03% 

Available  water-insoluble  ammonia.  . 

4.00 

4.19 

.20 

■  20% 

Water-soluble  ammonia. . . . 

1.40 

1.76 

.07 

.08% 

Potash  soluble  in  water.  . 

.75 

.75 

■03% 

■  03% 

*  In  1937  South  Carolina  laws  required  that  nitrogen  be  expressed  as  ammonia,  in  1941  as  nitrogen 


The  approximate  commercial  value  of  a  mixed  fertilizer  may  be  cal¬ 
culated  also  by  the  buyer  when  he  has  the  guarantee,  if  he  will  use  the 
cost  of  standard  materials  as  the  basis  for  his  calculations.  As  an  illustra¬ 
tion,  let  us  suppose  that  the  wholesale  price  of  sodium  nitrate  is  $32.00  a 
ton  and  that  an  average  ton  of  sodium  nitrate  contains  320  pounds  of 
mtratehittogen.  The  wholesale  cost  per  pound  of  nitrogen  in  this  case  would 
be  10  cents.  If  we  add  to  this  price  20  per  cent,  the  retail  price  should  be 
about  12  cents  a  pound.  By  figuring  the  number  of  pounds  of  mineral 
nitrogen  in  a  ton  of  the  fertilizer  in  question,  and  multiplying  this  figure 
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Table  104 


Prices  Paid  by  Farmers  of  the  United  States  for  Different  Grades  of  Fertilizer 
in  a  Representative  pre-World  War  II  Year. 

(Per  Net  Ton  of  2,000  Pounds) 


Grade 

Low  Price 

High  Price 

Grade 

Low  Price 

High  Price 

5-7-5 

$30.00 

$45  00 

0-10-10 

$28.50 

$36.70 

1-8-4 

22  00 

29.55 

2-10-2 

23  70 

37.50 

2-8-2 

21.18 

32.00 

3-10-3 

26.00 

42.65 

2-8-5 

26.10 

38.00 

4-10-4 

26.00 

41.75 

2-8-10 

30.79 

48.00 

0-12-5 

22.80 

30.10 

3-8-3 

21.80 

36.35 

2-12-2 

27.00 

40.00 

3-8-4 

30.00 

44.00 

2-12-6 

31.00 

43.00 

3-8-5 

26.00 

42.50 

3-12-3 

28.00 

37.00 

3-8-6 

34.50 

41.60 

4-12-4 

28.00 

48.00 

4-8-7 

34.00 

48.00 

0-14-4 

28.00 

34.00 

5-8-5 

30.50 

41.00 

5-15-5 

39.50 

51.00 

5-8-7 

37.00 

50.85 

2-16-2 

33.40 

50.00 

1-9-4 

23.50 

35.50 

16  %  superphosphate 

1300 

29.15 

2-9-3 

22.84 

37.85 

Nitrate  of  soda 

40.00 

70.65 

3-9-3 

22.58 

29.50 

Muriate  of  potash 

40.00 

60.00 

0-10-4 

21.30 

27.50 

Kainite 

13.00 

26.00 

by  12  the  commercial  value  of  the  mineral  nitrogen  in  the  fertilizer  may  be 
calculated.  In  a  similar  manner  the  commercial  value  of  the  phosphoric 
acid  and  potash  may  be  calculated  if  the  wholesale  prices  of  some  standard 
carriers  of  these  nutrients  are  known.  The  total  of  the  commercial  values  of 
the  individual  plant  nutrients  found  in  the  mixed  fertilizer  represents  the 
commercial  value  of  the  fertilizer. 


4,  and  storage  plants.  (Courtesy,  The  Pert, lexer  Knew.) 
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There  are  four  groups  of  factors  that  enter  into  the  retail  price  of  mixed 
commercial  fertilizers:  (l)  the  cost  of  the  raw  materials  at  the  nearest  port, 
(2)  the  cost  of  mixing,  bags,  freight,  bagging,  labor  and  hauling;  (3)  the 
cost  of  selling  the  product;  and  (4)  the  profit.  The  last  three  factors  may  be 
grouped  as  cost  of  distribution.  The  farmer  should  keep  in  mind  that  the 
cost  of  distribution  remains  about  the  same  regardless  of  the  percentage 
plant  food  content  of  the  fertilizer. 

Table  105 


Wholesale  Prices  per  Ton  of  Typical  Grades  of  Mixed  Fertilizers  in  Different 

Groups  of  States,  1919-1940 


Year 

New 

England 

States 

Middle 

Atlantic 

States 

South  Atlantic 
States 

South  Central 
and  Southwest 
States 

Mid -West  and 
Northwest 
States 

5-8-7 

3-8-4 

3-8-3 

2-10-2 

2-10-2 

2-12-2 

1919 

1920 
1921 

1922 

1923 

1924 

1925 

1926 

1927 

1928 

1929 

1930 

1931 

1932 

1933 

1934 

1935 

1936 

1937 

1938 

1939 
1940* 

$94.25 

66.99 

61.79 

47.32 
37.08 
40.00 
41.34 
38.77 
28.09 
34.50 
34.15 
34.10 
31.36 
26.91 
23.89 
25.86 
24.54 

25.32 
27.53 
28.26 
28.58 
29.21 

$61.57 

45.15 

44.46 

29.07 

25.04 

23.91 

26.44 

26.44 

21.32 

28.87 

28.79 

$55.68 

43.99 

39.52 

28.59 
26.26 

21.38 

22.80 

22.80 

19.00 

22.90 

22.40 

21.59 
19.13 
16.00 
14.77 
17.35 
17.44 

15.89 

17.87 

17.34 

18.05 

18.39 

$44.45 

37.58 

34.61 

26.22 

23.66 

19.19 

20.44 

20.44 

16.70 

20.44 

19.96 

$48.16 

40.78 

39  25 
31.28 

28.53 

27.11 

26.01 

25.96 

20.46 

23.84 

24.78 

$49.93 

41.15 

34.79 

28.19 
28.65 

28.65 

28.10 

28.10 

25.41 

26.20 

26.19 

25.65 
21.90 

18.17 
19.10 
20.36 

20.17 

20.20 

21.32 

20.48 

20.09 

*  Average  1 1  months. 

The  lowest  and  htghest  prices  per  ton  of  some  standard  grades  of 
emlizer  actually  paid  by  farmers  of  the  United  States  in  a  representative 
ecent  year,  as  reported  by  Howard  (1931),  are  given  in  Tabfe  104  It  is 
very  unfortunate  that  such  variations  in  prices  as  are  shown  in  Table  104 
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should  occur  during  one  season.  Certainly  it  is  an  index  of  unhealthy 
conditions  in  the  fertilizer  industry.  During  the  period  of  World  War  II 
O.P.A.  ceilings  prevented  such  fluctuations  in  prices. 

The  wholesale  prices  for  some  commonly  used  grades  of  mixed 
fertilizers  for  the  years  1919  to  1940  inclusive,  as  reported  by  The  Fertilizer 
Review  (1940),  are  given  in  Table  105. 

In  Table  106  are  given  the  average  wholesale  prices  of  some  fertilizer 

materials  for  the  last  25  years. 


Table  106 


Trend  of  Wholesale  Prices  of  Fertilizer  Materials 


Ammoniates 

Phosphates  and  Potash 

Nitrate  of 
Soda  per 

Unit  N 

Bulk 

Sulfate  of 
Ammonia 
per  Unit 

N  Bulk 

Cottonseed 

Meal 

S.E.  Mills 
per  Unit  N 

Superphosphate 
Baltimore 
per  Unit 

Muriate  of 
Potash  Bulk, 
per  Unit,  c.i.f. 
Atlantic  and 
Gulf  Ports 

1910-14 

1922 

1923 

1924 

1925 

1926 

1927 

1928 

1929 

1930 

1931 

1932 

1933 

1934 

1935 

1936 

1937 

1938 

1939 

1940 

1941 

1942 

$2.68 

3.04 

3.02 

2  99 

3.11 

3.06 

3.01 

2.67 

2.57 

2.47 

2.34 

1.87 

1.52 

1.52 

1.47 

1.53 

1.63 

1.69 

1.69 

1.69 

1.69 

1.74 

1 

$2.85 

2.58 

2.90 

2.44 

2.47 

2.41 

2.26 

2.30 

2.04 

1.81 

1.46 

1.04 

1.12 

1.20 

1.15 

1.23 

1.32 

1.38 

1.35 

1.36 

1.41 

1 .41 

$3.50 

6.07 

6.19 

5.87 

5.41 

4.40 

5.07 

7.06 

5.64 

4.78 

3.10 

2.18 

2.95 

4.46 

4.59 

4.18 

4.91 

3.69 

4.02 

4.64 
5.50 
6.11 

$0,536 

.566 

.550 

.502 

.600 

.598 

.535 

.580 

.609 

.542 

.485 

.458 

.434 

.487 

.492 

.476 

.510 

.492 

.478 

.516 

.547 

.600 

$0,714 

.632 

.588 

.582 

.584 

.596 

.646 

.669 

.672 

.681 

.681 

.681 

.662 

.486 

.415 

.464 

.508 

.523 

.521 

.517 

.522 

.522 

Standardization  of  Grades 

In  recent  years  there  has  been  a 
the  number  of  brands,  but  also  the 


marked  tendency  not' only  to  reduce 
number  of  analyses  as  well.  A  program 
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for  the  elimination  of  unnecessary  grades  has  been  carried  on  by  the 
National  Fertilizer  Association  and  its  predecessor  organizations  since 
1918.  In  many  sections  the  manufacturers,  representatives  of  the  agri¬ 
cultural  colleges,  and  others  interested,  have  agreed  upon  a  standardiza¬ 
tion  of  the  analyses  and  ratios  of  complete  fertilizers  offered  for  sale 
within  their  territory.  Where  this  has  been  done  usually  about  a  dozen 
analyses  have  been  selected  to  represent  a  so-called  standard  group  for  the 
state  or  section  iri  question.  This  is  a  commendable  move  which  can 
result  only  favorably  for  all  concerned.  In  addition,  because  of  wartime 
stringencies,  during  the  period  of  World  War  II  the  War  Food  Adminis¬ 
tration  passed  many  directives  of  a  very  constructive  nature  that  greatly 
reduced  the  number  of  grades.  It  is  to  be  hoped  that  in  the  years  following 
World  War  II  these  gains  will  be  maintained. 

Fertilizer  Brands 

A  fertilizer  brand  is  a  term,  design,  or  trademark  used  in  connection 
with  one  or  several  grades  of  fertilizer.  A  brand  name  is  a  specific  designa¬ 
tion  applied  to  an  individual  fertilizer.  In  former  years  manufacturers 
found  that  a  well-known  brand  name  would  aid  in  the  sale  of  a  fertilizer 
more  than  would  the  analysis  of  the  fertilizer  as  given  on  the  bag  or  tag. 
In  time  this  brought  about  a  multiplicity  of  brands  on  the  market.  Often 
a  given  analysis  would  be  put  out  by  a  company  under  two  or  more  brand 
names.  Brand  names  are  frequently  of  such  a  nature  that  they  indicate 
usefulness  for  some  special  crop.  In  the  main,  brand  names  should  be 
ignored  by  the  purchaser  and  only  the  guaranteed  analysis  considered. 

The  term  standard  brands  is  used  to  refer  to  those  brands  that  are 
commonly  found  on  the  market.  As  a  rule,  they  are  of  low  to  medium 
grade  from  the  standpoint  of  the  total  amount  of  plant  nutrients  present, 
but  the  present  tendency  appears  to  be  toward  the  manufacture  of  goods 
of  higher  analysis.  In  fact,  it  is  not  unlikely  that  the  future  may  see  a 

greater  use  of  individual  fertilizer  carriers  and  of  diminution  in  the  use  of 
mixtures. 

In  former  years  it  was  sometimes  the  custom  of  certain  manufacturers, 
in  order  to  sell  their  brands  of  fertilizer  at  approximately  the  same  price 
each  year,  to  change  the  analysis  annually  to  conform  to  the  changes 
in  the  commercial  value  of  plant  nutrients.  Such  changes  often  reacted 
detrimentally  to  the  farmer,  who  based  his  opinion  of  the  agricultural 
value  of  a  fertilizer  upon  his  past  experience  with  the  brand  in  question 

Fertilizers  that  have  been  made  from  the  same  materials,  regardless 
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of  who  the  manufacturer  may  be  or  whether  the  fertilizer  has  been  home 
mixed  or  factory  mixed,  should  give  similar  results  when  used  under  like 
conditions. 


Advantages  and  Disadvantages  Derived  from  the 

Purchase  and  Use  of  Complete  Fertilizers 

The  advantages  derived  from  the  purchase  and,  use  of  complete 
fertilizers,  rather  than  single  fertilizer  materials,  are:  (l)  the  mechanical 
characteristics  of  complete  fertilizers  are  usually  of  such  a  nature  that  they 
are  in  excellent  condition  for  immediate  use;  (2)  complete  fertilizers  can 
be  secured  from  local  dealers  at  such  times  and  in  such  amounts  as  the 
farmer  may  desire;  (3)  complete  fertilizer  of  a  grade  best  suited  to  the 
particular  crops  grown  in  the  locality  can  usually  be  obtained.  For  con¬ 
tinuous  use  a  complete  fertilizer  is  generally  to  be  preferred  to  the  use  of 
single  nutrient  materials.  The  one-sided  fertilization  of  pastures  with 
single  nutrient  materials  which  has  at  times  been  advocated,  is  likely,  if 
followed,  tp  have  the  same  unfortunate  ultimate  result  as  that  which  has 
been*  widely  noted  in  orchards  where  such  a  system  of  fertilization  has 

been  practiced. 

The  disadvantages  incident  to  the  purchase  and  use  of  complete 
fertilizers  are:  (l)  the  farmer  may  be  led  to  purchase  his  fertilizers  pure  y 
on  the  basis  of  cost  per  ton  without  sufficiently  considering  the  real  value 
of  its  constituents;  (2)  it  is  impossible  to  judge  by  a  superficial  examina- 
tion  the  composition  of  the  mixture. 


The  Purchase  of  Fertilizer 

Farmers  should  follow  the  practice  of  purchasing  their  fertilizers  so  as 
ro  “the  greatest  value  for  every  dollar  expended.  If  a  farmer  can  use 
carload  lots  of  fertilizer,  and  can  pay  cash,  he  may  effect  a  const  era  e 
vL  by  purchasing  his  fertilizers  direct  from  the  broker,  import  ,  o 

before  the  crop  is  planted,  but  does 
secures  his  been  so[d  The  pnce  he  pays  for  his 

not  pay  for  it  un  ‘‘  “ “  \  ful,  tepaid  for  this  extension  of  credit, 

fertilizer  is  such  that  the  dealer  y  F  jjcrnuraeed  as  it  operates 
This  system  of  purchasing  fertilizer  s  iou  assumes  a  financial 

to  the  disadvantage  of  both  seller  and  buy  .  ^-eUe-ssumes^  ^  ^ 
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of  the  buyer’s  crop  and  soil  requirements.  There  are  sufficient  established 
credit  agencies  and  banks  to  finance  the  cash  purchase  of  fertilizer  on 
agricultural  secuiity  at  legal  interest  rates.  It  would  be  well  if  the  sale  of 
fertilizer  could  be  put  on  a  cash  basis,  and  on  an  f.o.b.  factory  basis 
instead  of  on  a  delivered  price  basis,  as  is  now  the  custom  of  the  trade. 

In  many  sections  cooperative  buying  of  fertilizers  by  farmers  has  been 
employed  successfully  for  the  purchasing  of  mixed  goods  and  separate 
materials.  In  this  way  the  small  farmer  can  secure  his  fertilizer  at  as  low  a 
price  as  the  large  farmer.  Such  transactions  should  be  based  upon  the 
actual  quantity  or  quality  of  plant  food  purchased..  In  most  cases  of 
cooperative  buying,  brand  names,  which  are  often  misleading  and  con¬ 
fusing,  are  given  little  consideration. 

Fertilizer  Filler 

Few  fertilizer  materials  which  are  extensively  used  contain  more  than 
25  per  cent  of  plant  nutrients,  so  that  at  least  75  per  cent  of  most  carriers 
may  be  practically  useless  to  the  plant.  Farmers  generally  overlook  this 
fact  when  they  use  such  materials  as  ammonium  sulfate  and  sodium 
nitrate.  Furthermore,  it  is  seldom  that  a  fertilizer  mixture  of  a  definite 
formula  made  from  given  materials  equals  2000  pounds  or  one  ton.  Many 


1 f'  A,  Prom‘sinS  ,P°tato  in  Aroostook  County,  Maine,  resulting 
from  good  soil,  good  seed,  good  fertilizer,  and  good  cultural  care  (Courtesy8 
National  Fertilizer  Association.)  courtesy, 
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of  the  standard  grades  contain  a  total  of  only  from  1400  to  1800  pounds 
of  fertilizer  materials.  The  other  200  or  600  pounds  is  composed  of  some 
make-weight  material  which  in  the  fertilizer  trade  is  called  filler.  Sand  was 
formerly  used  for  this  purpose  to  a  greater  extent  than  any  other  material, 
but  dolomitic  limestone  is  extensively  employed  today  and  gypsum, 
floats,  fuller’s  earth,  rock  salt,  coal  ashes,  grit  removed  in  the  preparation 
of  refined  chalk,  spent  foundry  sand,  peanut  hulls,  sawdust,  and  various 
other  organic  materials  may  be  used.  Muck  is  sometimes  used  in  com¬ 
plete  fertilizers,  not  only  as  a  filler,  but  also  for  the  purpose  of  preventing 
the  mixture  from  "setting  up,”  that  is,  from  becoming  hard  on  standing. 
If  filler  is  not  desired,  kaimte  or  other  low  analysis  potash  salts  may  be 
substituted  for  a  portion  of  the  chloride  or  sulfate  of  potash  which  is 
generally  employed.  Bur  even  when  a  complete  fertilizer  is  so  compounded 
that  the  addition  of  filler  is  not  required,  there  remains  a  large  amount  of 
make-weight  substances  which  may  be  as  useless  as  filler.  Formulas  that 
demand  that  the  mixture  contain  a  very  high  percentage  of  plant  nutrients 
usually  cannot  be  made  from  the  ordinary  materials  but  they  may  be 
made  from  high-analysis  or  concentrated  materials.  The  average  complete 
fertilizer  contains  only  a  total  of  about  300  to  450  pounds  of  nitrogen, 
phosphoric  acid,  and  potash. 

The  quantities  of  filler  consumed  in  certain  years,  as  estimated  by 
Mehring  (1942),  are  given  in  Table  107. 


Table  107 

Quantities  of  Filler  Consumed  in  the 

United  States  During  Certain  Years 

Per  Cent  of  Total 

Year 

Short  Tons 

Fertilizer  Consumed 

1880 

.5,000 

0.7 

1890 

50,000 

2.9 

1900 

112,000 

3.5 

1910 

258,000 

4.6 

1920 

635,000 

8.8 

1930 

730,000 

8.7 

1937 

510,000 

6.1 

During  1945  about  12  million  tons  of  complete  fertilizers  were  ^ 
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This  make-weight  material  would  have  been  greatly  reduced  and  a  very 
great  financial  saving  made,  had  farmers  bought  only  high-analysrs 
concentrated  fertilizers. 


Conversion  Factors 

The  consumer  may  desire  to  convert  the  guarantee  from  nitrogen  and 
phosphoric  acid  to  ammonia  and  bone  phosphate  of  lime,  respectively, 
and  vice  versa.  This  can  be  accomplished  by  multiplying  the  reported 
percentages  of  nitrogen  and  phosphoric  acid  by  certain  figures  known  as 
conversion  factors.  For  example,  the  percentage  of  nitrogen  can  be  con 


Table  108 


Conversion  Factors 


Per  Cent 

Per  Cent 

Factor 

KC1  to  KoO 

multiply  KC1 

by  0.6317 

KC1  to  Cl 

multiply  KC1 

by  .4756 

NaCl  to  Cl 

multiply  NaCl 

by  .6065 

KvO  to  KC1 

multiply  K20 

by  1 . 5830 

K2SO4  to  K2O 

multiply  K2SO4 

by  .5405 

K20  to  K.SO4 

multiply  K20 

by  1 . 8490 

MgSO-t  to  MgO 

multiply  MgSOy 

by  .3349 

MgO  to  MgS04 

multiply  MgO 

by  2.9806 

MgCCh  to  CaCC>3 

multiply  MgCOs 

by  1.1868 

CaCC>3  to  MgCC>3 

multiply  CaCOs 

by  .8424 

CaCC>3  to  CaO 

multiply  CaCOs 

by  .5603 

MgCCh  to  MgO 

multiply  MgCOs 

by  .4762 

MgO  to  MgC03 

multiply  MgO 

by  2.0915 

N  to  NaNO- 

multiply  N 

by  6.0673 

N  to  KNO3 

multiply  N 

by  7.2176 

NaN03  to  N 

multiply  NaNO.3 

by  .1647 

N  to  (NH4)2S04 

multiply  N 

by  4.7167 

(NH4)2S04  to  N 

multiply  (NH4)2S04 

by  .2120 

P2O5  to  P 

multiply  P2Os 

by  .4366 

P  to  P2O5 

multiply  P 

by  2.3217 

K2O  to  K 

multiply  K20 

by  .8297 

K  to  K20 

multiply  K 

by  1.2051 

SO3  to  S 

multiply  SO3 

by  . 4004 

S  to  SO3 

multiply  S 

by  2.4975 

verted  into  its  equivalent  percentage  of  ammonia  by  multiplying  the 
percentage  of  nitrogen  by  the  factor  1.214.  On  the  other  hand,  the  per¬ 
centage  of  ammonia  can  be  converted  into  percentage  of  nitrogen  by 
multiplying  the  percentage  of  ammonia  by  the  factor  .823.  The  per¬ 
centage  of  bone  phosphate  of  lime  may  be  converted  into  the  equivalent 
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percentage  of  phosphoric  acid  by  multiplying  the  percentage  of  B.P.L. 
by  the  conversion  factor  .46.  Similarly,  phosphoric  acid  can  be  converted 
into  bone  phosphate  of  lime  by  multiplying  the  percentage  of  phosphoric 
acid  by  the  conversion  factor  2.18.  The  percentage  of  actual  potash  in 
potassium  sulfate  and  muriate  of  potash  may  be  obtained  by  multiplying 
the  percentage  purity  by  the  conversion  factors  54  and  63  respectively. 
Sodium  nitrate  and  some  of  the  potash  salts  are  crude  salts,  and  their 
guarantee  is  usually  given  on  the  basis  of  the  purity  of  the  substance.  For 
example,  muriate  of  potash  is  usually  guaranteed  as  about  80  to  85  per 
cent  pure  muriate,  that  is,  80  to  85  per  cent  potassium  chloride  and  15  to 
20  per  cent  of  impurities.  Other  useful  conversion  factors  are  given  in 
Table  108. 


Advantages  and  Disadvantages  of  Purchasing  the  Single 

Fertilizer  Materials,  and  Using  Them  as  Such 

Often  the  standard  fertilizer  materials  are  bought  and  applied  directly 
to  crops  without  first  mixing  with  other  materials.  In  fact,  in  1945  over 
2,500,000  tons  of  various  fertilizer  materials  were  sold  directly  to  the 
consumer.  This  tonnage  was  made  up  largely  of  superphosphate,  sodium 
nitrate,  ammonium  sulfate,  ammonia  liquors,  floats,  Cyanamid  and 
muriate  of  potash  in  the  order  named.  The  advantages  accruing  to  the 
farmer  from  the  purchase  of  the  single  fertilizer  materials,  and  the  use  of 
them  as  such,  are  three-fold,  (l)  He  secures  his  plant  nutrients  at  the  low¬ 
est  possible  cost.  These  materials  do  not  have  added  to  their  cost  such 
extra  overhead  expenses  as  handling,  mixing,  and  rebagging  that  must  be 
included  in  the  cost  of  complete  fertilizers.  (2)  The  farmer  is  in  a  position 
to  use  one  or  more  of  the  plant  nutrients  in  such  quantities  as  he  finds 
his  soils  and  crops  demand.  (3)  The  farmer  secures  a  better  understanding 
of  the  characteristics  of  the  materials  he  is  using  and  the  response  his 

crops  exhibit  following  their  use.  .  ,  i 

The  disadvantages  of  purchasing  the  single  fertilizer  materials  and 

using  them  as  such  are:  (l)  The  materials  may  not  readily  be  obtained  from 
local  dealers.  When  obtainable  from  the  wholesale  dealer  the  smail  farmer 
ordinarily  cannot  afford  to  buy  small  lots  because  of  the  high ,  a*t  of 
freight  charges.  (2)  The  mechanical  condition  may  be  mferior  m ,  f 

mixed  Roods.  Again,  the  single  fertilizer  materials  may  often  be  of 
higher  salt  content  than  mixed  goods,  and  therefore ^grmer  P*“ut‘°^s 
must  be  exercised  in  applying  them  to  crops.  (3)  “  1  eJi 

among  farmers  to  use  only  one  carrier  of  nitrogen,  wherea  p 
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data  have  shown  the  value  of  using  several  sources  of  nitrogen  for  certain 
soils  and  crops. 

j 

Composition  of  Complete  Fertilizers  Sold  in  the  United 

States 

During  1940  the  National  Fertilizer  Association,  in  cooperation  with 
the  Bureau  of  Plant  Industry,  Soils  and  Agricultural  Engineering  of  the 
United  States  Department  of  Agriculture,  conducted  a  survey  in  which 
they  attempted  to  find  out,  among  other  things,  the  grades  of  the  complete 
fertilizers  most  commonly  used  during  1939-  Similar  surveys  were  made 
in  1917,  1925,  and  1934.  The  information  secured  indicated  that  more 
complete  fertilizer  of  3-8-5  analysis  was  sold  than  of  any  other  analysis. 
This  was  followed  by  a  2-12-6,  4-8-4,  and  a  3-8-3,  respectively.  A  survey 
today  would  certainly  show  a  gain  in  the  use  of  the  higher  analysis 
fertilizers  during  the  period  of  World  War  II.  The  average  plant  food 
content  of  all  complete  fertilizers  sold  in  the  United  States  is  now  above 
20  per  cent,  whereas  in  1914  it  was  probably  less  than  13  per  cent.  The 
average  complete  fertilizer  sold  in  1939  would  have  averaged  3 .76-9-08-5 .78. 

At  the  present  time  it  is  possible  to  make  from  certain  synthetic  nitro¬ 
gen  compounds,  treble  superphosphate,  and  high-analysis  potash  salts,  a 
fertilizer  mixture  which  will  carry  a  total  of.50  units  and  more  of  nitrogen, 
phosphoric  acid,  and  potash  combined.  It  is  to  be  hoped  that  the  future 
will  see  a  greater  use  of  fertilizers  carrying  the  higher  percentages  of  plant 
food.  When  a  farmer  buys  a  4-12-4  instead  of  a  3-8-3  he  gets  approxi¬ 
mately  10  per  cent  more  plant  food  for  his  money.  If  he  buys  a  5-15-5  he 
gets  approximately  15  per  cent  more.  Knight  (1937)  has  estimated  that 
if  the  unnecessary  filler  commonly  used  in  a  3-8-3  was  eliminated  the 
resulting  product  would  be  a  4-10-4  and  this  change  would  result  in  the 
saving  to  the  farmers  of  one  state  alone  of  more  than  $2,000,000  annually. 
Fifteen  years  ago,  Blair,  of  the  New  Jersey  Experiment  Station,  expressed 
the  opinion  that  no  complete  fertilizer  should  be  used  that  contained  less 
than  18  to  20  per  cent  of  plant  food.  He  concluded  that  the  lower  grades 
would  too  often  become  the  dumping  ground  for  low-grade  and  inert 
products.  This  opinion  is  now  generally  held  by  agronomists. 
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The  practice  of  applying  fertilizers  to  crops  should  be  a  profitable  one. 
Not  only  is  the  farmer  concerned  in  making  applications  of  fertilizers  a 
paying  practice,  but  the  fertilizer  manufacturers  also  desire  that  the  farmer 
should  make  a  profit  through  the  use  of  their  products.  They  realize  that 
the  profitable  use  of  fertilizers  by  farmers  determines  largely  the  volume 

of  their  sales. 

Primary  Function  of  Fertilizers 

The  primary  function  of  fertilizers  is  to  supply  plant  nutrients  to 
growing  crops.  Besides  supplying  nutrients  fertilizers  may  often  influence 
plants  in  other  ways,  and  may  also  bring  about  marked  changes  m  the 
characteristics  of  the  soil.  These  other  effects  may  be  either 
detrimental,  depending  upon  the  fertilizer,  the  soil,  and  the  crop.  The 
farmer  should  not  overlook  such  secondary  influences  as  they  often  p  ay 
important  part  in  determining  the  character  of  the  sod  and  crop 
management  practices  that  should  be  followed. 

Object  in  Using  Fertilizers 

...  - 

* . .  -  *  *• 
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expression  of  their  opinion  ot  the  g  Willett 

used  in  1939-  Table  109  was  compute TShis  tlble  sh„ws 
(,939)  from  the  answers  of  more  than  48,000 
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that  in  this  country  in  1939,  for  every  dollar  spent  for  fertilizers  farmers 
estimated  a  return  of  $3-60.  A  survey  conducted  today  would  probably 
show  similar  results.  The  return  for  such  crops  as  tobacco,  lettuce,  and 
strawberries  is  probably  now  between  $10.00  and  $15.00. 


Table  109 


Crop  Returns  from  the  Use  of  Commercial  Fertilizer,  by  Crops 


Crop 

Value  of  Crop 
Produced  by 
Fertilizer 

Tons  of 
Fertilizer 
Used  on 
Crop 

Estimated 
Cost  of 
Fertilizer 

Increase  in 
Value  of  Crop 
for  Each 
Dollar  Spent 
for  Fertilizer 

Corn . 

$  84,387,890 

1,632,600 

$  40,672^00 

$2.07 

Cotton . 

171,709,646 

1,501,800 

38,424,600 

4.47 

Wheat . 

33,355,404 

739,300 

18,915,600 

1.76 

Potatoes . 

55,004,062 

555,500 

17,671,050 

3.11 

Fruits  and  vegetables . 

62,501,271 

556,360 

16,342,400 

382 

Tobacco . 

135,937,201 

505,400 

15,033,000 

9.04 

Citrus  fruits . 

31,848,310 

256,000 

8,819,000 

3.61 

Hay  and  alfalfa . 

11,426,347 

239,300 

5,161,000 

2.21 

Oats . 

8,108,377 

247,000 

5,635,500 

1.44 

Sweet  potatoes . 

19,613,563 

133,000 

3,545,150 

5.53 

Tomatoes . 

12,108,895 

85,400 

2,641,200 

4.58 

Peanuts . 

6,210,370 

57,000 

1,469,000 

4.23 

Miscellaneous . 

77,598,839 

807,740 

22,617,870 

3.43 

Total . 

$709,810,175 

7,316.400 

$196,947,670 

$3.60 

Basing  their  estimates  on  the  replies  of  the  above  farmer  survev 
Smalley  and  Engle  (1943)  made  an  estimate  of  the  quantity  of  crop 

produced  by  a  ton  of  average  fertilizer.  Their  estimates  are  given  in 
Table  110. 


Warner  (1931)  has  estimated  from  data  secured  from  fertilizer  experi¬ 
ments  and  reliable  field  tests  and  demonstrations  of  30  fertilizer-using 
states,  that  3 1  00  spent  for  fertilizer  will  show  a  return  on  the  average  of 
$2.00  to  $5.00.  Brand  (1944)  estimates  it  now  to  be  about  $5  00  for 
prices  of  farm  commodities  are  high  and  fertilizer  prices  are  low. 

In  most  localities  the  greater  the  profit  obtained  from  the  use  of  the 
first  100  pounds  of  fertilizer,  the  greater  is  the  number  of  pounds  of 
ertilizer  commonly  used  per  acre.  This  is  shown  in  the  fact  that  the 
average  amount  of  fertilizer  used  pe,  acre  on  truck  crops  is  two  or  more 
times  as  great  as  that  applied  to  field  crops  like  cotton. 
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Table  110 


Average  Yield  Increases  Produced 
by  One  Ton  of  Fertilizer 


Crop 

Yield  Increase 

Corn  . 

125  bu. 

Cotton  .  . 

2  bales 

Wheat . \ 

85  bu. 

Oats . 

140  bu. 

Tobacco  . 

1,370  lbs. 

Potatoes  . 

185  bu. 

Sweet  notaroes . 

285  bu. 

.^nvKeflns . 

50  bu. 

Pea  nuts . 

200  bu. 

T  nmatnes . 

215  bu. 

130  bu. 

Annies  . 

700  bu. 

Milk  . 

8,000  lbs. 

Beef  . 

1,000  lbs. 

Chemical  Composition  of  the  Soil  as  Related  to  the  Use  of 
Fertilizers 

The  chemical  composition  of  the  soil  has  a  direct  bearing  on  the 
proper  fertilization  of  crops.  It  is  well  known  that  soils  differ  wi  ey  in 
their  chemical  composition,  because  of  the  varied  minerals  from  which 
they  were  formed  as  well  as  the  weathering  to  which  they  have  been 
subjected.  Because  of  this  fact  some  knowledge  of  the  chemical  com- 
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position  of  the  soil  to  which  fertilizers  are  to  be  applied  is  desirable  if  the 
fertilizers  are  to  be  used  judiciously.  Sandy  soils  are  usually  derived  from 
those  minerals  that  are  deficient  in  potash.  As  most  crops  require  potash 
in  relatively  large  amounts,  potash  fertilization  is  nearly  always  essential 
in  order  to  procure  the  highest  yields  on  these  classes  of  soils.  Clay  soils, 
on  the  other  hand,  are  usually  derived  from  those  minerals  that  are  rich 
in  the  feldspars  and  therefore  in  potash,  and  they  are  more  often  deficient 
in  phosphoric  acid  and  lime  than  in  potash.  Soils  of  limestone  origin 
generally  contain  enough  lime,  and  usually  sufficient  amounts  of  phos¬ 
phoric  acid  and  potash  to  produce  fair  crop  yields.  On  these  soils  nitrogen 
is  often  the  first  limiting  element  to  plant  growth. 

In  the  humid  sections  of  the  United  States  the  total  nitrogen  content 
of  the  soil  decreases  from  north  to  south,  and  this  change  is  a  negative 
exponential  function,  so  that  for  every  18°  F.  fall  in  mean  annual  tem¬ 
perature  the  average  nitrogen  content  of  the  soil  increases  two  or  three 
times.  This,  together  with  the  availability  of  soil  nitrogen,  must  be  taken 
into  consideration  when  planning  a  fertilizer  program. 

All  states  do  not  have  the  same  percentage  of  good  land.  This  is  il¬ 
lustrated  in  Table  111. 


Table  111 

Natural  Productivity  of  Tillable  Land  in  Representative  States 


Iowa . 

Illinois . 

Ohio . 

New  Jersey 
South  Carolina 
Florida . 


Per  Cent  of  Tillable  Land  in  Each 
Productivity  Class 

Excellent 

Good 

Pair 

Poor 

74 

19 

4 

3 

43 

20 

18 

19 

17 

25 

42 

16 

0 

29 

29 

42 

0 

2 

49 

49 

0 

5 

22 

73 

Com,  oats  and  wheat  generally  respond  more  to  fertilization  when 
planted  on  poor  soils,  while  cotton,  Irish  potatoes  and  hay  usually  give  the 
highest  returns  from  fertilization  when  grown  on  the  more  fertile  soils 
It  soils  contain  adequate  amounts  of  calcium  and  magnesium  it  may  be 
found  that  acid-forming  fertilizers  will  give  good  results,  but  if  soils  are 
strongly  acid  the  basic  fertilizers  may  prove  to  be  the  best. 
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Physical  Composition  of  the  Soil  as  Related  to  the 
Use  of  Fertilizers 


With  reference  to  the  size  of  their  predominating  particles,  soils  may 
be  classified  roughly  into  sands,  silts,  clays,  and  loams.  Seldom  do  we 
find  a  large  area  of  pure  sand,  silt,  or  clay.  Most  soils  are  mixtures  of  soil 
particles  of  varying  sizes,  but  in  most  cases  one  soil  texture  predominates. 

Soil  texture  has  a  direct  influence  on  crop  fertilization.  Sandy  soils, 
because  they  are  open  and  porous,  and  because  they  do  not  contain  much 
fine  or  colloidal  material,  cannot  absorb  large  quantities  of  plant  nutrients. 
Such  soils  are  subject  to  excessive  loss  of  plant  nutrients  by  leaching. 
Nitrates  should  never  be  applied  to  these  soils  in  large  quantities  at  any 
one  application,  for  during  periods  of  heavy  rainfall  they  may  be  leached 


from  the  soil  within  a  short  time. 

Clay  soils,  although  generally  of  a  reasonably  good  structure,  may  in 
some  cases  be  so  impervious  to  air  and  water  that  although  receiving 
liberal  fertilization,  profitable  crops  cannot  be  grown.  This  is  especially 
true  of  clay  with  a  high  silicon  content.  But  crops  may  readily  absorb  and 
hold  limited  quantities  of  soluble  nitrogen  in  the  ammoniacal  form,  and 
potash,  and  fix  the  soluble  phosphoric  acid  of  fertilizer  applications.  The 
phosphate  requirement  of  acid  well-drained  soils  tends  to  be  proportional 
to  the  clay  content  for  clay  acids  are  the  principal  soil  acids. 

Silts  and  loams  offer  the  best  physical  conditions  for  the  growth  ol 
most  field  crops  and  when  these  soils  are  fairly  well  supplied  with  organic 
matter  they  give  promise  of  the  most  profitable  returns  from  the  judicious 

use  of  commercial  fertilizer. 

Greater  attention  should  be  paid  to  creating  a  much  more  favorable 
structure  in  the  B  and  C  soil  horizons.  Ten  to  forty  per  cent  of  the  root 
systems  of  many  crops  is  below  the  plowed  soil  and  it  is  the  physica 
structure  of  the  lower  soil  horizons  that  often  limit  plant  growth. 

Many  soils  have  been  seriously  eroded  and  these  offer  serious  pro  - 
lems  to  farmers.  In  general,  row  crops  should  not  be  planted  on  sods o 
more  than  12  to  18  per  cent  slope,  although  some  latentes  do  no  erode 
badly  even  at  70  per  cent  slope  and  some  Rend.zna  soils  do  erode  bad  y 

“  ^The  greatest 'return  from  the  use  of  commercial  fertilizer  is  obtained 
from  those  soils  that  are  in  the  best  physical  condition  for  plant ^growdn 
The  best  results  cannot  be  expected  from  fertilizers  when  they  are  ap|  1 
to  soils  that  are  too  fine  or  too  coarse,  too  compact  or  too  porous,  too  dry 
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THE  APPROXIMATE  NITROGEN,  PHOSPHORIC  ACID, 
AND  POTASH  CONTENT  OF  THE  SURFACE  SOILS 
OF  THE  UNITED  STATES. 


PHOSPHORIC  ACID 


PERCENT  P205 

1=1  .0 


.04 
.05  -  .09 
.  10  -  .1  9 
.20  -  .30 


POTASH 


PERCENT  K.O 


UNDER  0.4 


NITROGEN 


PERCENT  N 


UNDER  .05 


.05 


.09 


29 


.20 


.30  AND  OVER 


Fig  131.  The  approximate  N,  P205,  and  K,0 
soils  of  the  United  States.  (Courtesy,  National  Pla 
The  Fertilizer  Review.) 


content  of  the  surface 
nning  Association  and 
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or  too  wet.  The  farmer  should  always  consider  carefully  the  physical  char¬ 
acteristics  of  his  soil  before  he  makes  large  expenditures  for  fertilizers. 

Previous  Treatment  of  Soils  as  Related  to  the  Use  of 

Fertilizers 

It  is  a  common  experience  among  farmers  and  soil  and  fertilizer 
students,  to  see  fields  of  apparently  the  same  natural  characteristics  give 
widely  varying  results  from  the  application  of  like  fertilizers  to  the  same 
crop.  Often  this  variation  is  due  to  the  differences  in  treatment  that  the 
two  fields  received  in  previous  years.  Variations  in  the  cropping  systems 
and  methods  of  cultivation  employed  will  sooner  or  later  bring  about  a 
difference  in  the  productivity  of  fields  of  similar  soils.  Soils  upon  which 
are  grown  intertilled  crops  are  always  subject  to  greater  leaching  of  their 
soluble  nutrients  than  are  soils  upon  which  are  grown  crops  that  are  not 
intertilled. 


Table  112 


Average  Aggregate  Yields  of  Crops  in  Pounds 
per  Acre  During  Each  Rotation  of  Four  Years 
of  Plats  Receiving  No  Fertilizer  Treatment 
at  the  Pennsylvania  Experiment  Station 


Period 


1882-85 . 

1886-89 . 

1890-03 . 

1894-97 . 

1898-01 . . 

1902-05 . 

1906-09 . 

1910-13 . 

1914-17 . 

1918-21  . 

1922-25  . 

1926-29 .  . 

1930-33 . 

1934-37  . 

*  Average  tiers  1  and  3  only. 


Average  o]  Al. 
Check  Plan 


14,153 

14,784 

14,474 

11,567 

8,685 

10,119 

8,969 

9,073 

8,559 

7,909 

6,400* 

7,120* 

5,662* 

6,069* 


Fertilizing  practices  also  bring  about  a  variation  in  the  productivity 
,  'I  It  is  well  to  keep  in  mind  that  because  soils  ate  phystcal-chemica 

u  .u» » 
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as  a  result  of  the  use  of  commercial  fertilizers.  The  addition  of  farmyard  or 
green  manures  often  produces  crop  yields  much  out  of  proportion  to  the 
quantity  of  nutrients  added.  The  same  can  be  said  concerning  the  applica¬ 
tion  of  lime.  As  a  result,  the  productivity  of  the  soil  may  be  reduced  at  a 
more  rapid  rate  than  if  no  manure  or  lime  had  been  added.  An  applica¬ 
tion  of  lime  often  results  in  the  freeing  of  fixed  phosphoric  acid  to  the 
extent  that  crop  response  to  applications  of  phosphoric  acid  cannot  be 
secured  for  some  years  following  application  of  the  lime.  On  some  soils 
of  the  southeastern  states  superphosphate  has  been  applied  for  years  in 
quantities  greater  than  that  demanded  by  the  crops  grown,  and  as  a  result 
phosphate  has  accumulated  in  the  soil.  It  is  not  surprising  that  such  soils 
often  do  not  show  immediate  results  from  the  application  of  phosphatic 
fertilizers. 

The  decrease  in  crop  yields  resulting  from  the  continuous  growing  of 
crops  without  the  application  of  fertilizer  is  well  known  and  is  clearly 
illustrated  in  Table  112.  According  to  information  furnished  the  author 
by  Gardner  and  Noll,  this  table  represents  a  summary  of  the  results 
secured  over  a  period  of  55  years  at  the  Pennsylvania  Experiment  Station. 

Character  of  Crop  and  Use  of  Fertilizers 

The  returns  secured  from  an  application  of  commercial  fertilizer  are 
always  influenced  by  the  character  of  the  crop.  Most  of  our  field  crops  are 
rich  in  plant  nutrients  and  are  of  low  commercial  value.  On  the  other  hand, 
fruit  and  vegetable  crops  are  relatively  low  in  their  plant  nutrient  content, 
and  have  a  high  commercial  value.  These  factors  are  nearly  always  the 
principal  ones  which  determine  the  agricultural  value  of  a  fertilizer. 

The  Theory  of  Mineral  Up-take  by  Plants 

Plant  nutrients  are  released  from  soil-forming  minerals  by  weathering. 
Among  the  more  important  processes  are  the  hydrolytic  action  of  water 
and  the  influence  of  hydrogen  clay  on  soil  minerals.  The  action  of  hydro¬ 
gen  sorbed  in  the  exchange  atmosphere  of  colloidal  clay  on  some  soil 
minerals  may  easily  transfer  calcium,  as  has  been  shown  by  Graham 

(1940,  1941),  to  the  exchange  atmosphere  of  colloidal  clay  and  thus  store 
it  for  plant  use. 

Recent  studies  seem  to  show  that  the  continued  intake  of  water  by 
plants  necessitates  the  continuous  extension  of  their  absorbing  roots  to 
provide  fresh  contacts  with  unexhausted  moisture  films,  and  that  root  soil 
contact  may  be  equally  important  to  the  intake  of  many  plant  nutrients. 
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Most  investigators,  though  not  all,  now  agree  that  the  release  of  the 
mineral  elements  in  the  soil  by  weathering  from  soil  minerals  is  too  slow  a 
process  to  take  care  of  the  requirements  of  rapidly  growing  vegetation. 
The  requirements  of  a  rapidly  growing  crop  must  be  taken  from  the 
reservoir  of  available  nutrients  that  are  held  by  electrostatic  forces  on 
the  surfaces  of  the  soil  colloids.  In  soils  that  are  heavily  cropped  this 
reservoir  must  be  refilled  from  time  to  time  through  the  application  of 
soluble  fertilizers.  The  mechanism  of  transfer  of  absorbed  ions  from  the 
soil  colloids  is  not  thoroughly  understood,  but  it  is  assumed  that  the 
nutrient  cations  are  absorbed  by  plant  roots  in  exchange  for  H  ions,  and  in 
like  manner  the  nutrient  anions  are  exchanged  for  HC03  ions. 

Both  the  kinds  of  colloid  and  the  nature  of  the  absorbed  ions  influence 
the  replacement  of  the  cations  with  hydrogen.  For  instance,  calcium  is 
more  tightly  held  by  clay  than  is  sodium,  and  hydrogen  ions  displace 
potassium  more  readily  from  colloids  containing  calcium  as  a  com¬ 
plementary  ion  than  from  those  containing  sodium.  In  addition,  soils  that 
are  known  to  give  up  potassium  from  nonreplaceable  forms  are  usually 
rich  in  the  micacious  minerals. 


Influences  of  Nitrogen  on  Plant  Growth 

Nitrogen  is  a  constituent  of  protein,  and  therefore  a  constituent  of  every 
living  cell  When  nitrogen  is  not  present  in  the  soil  in  quantities  sufficient 
for  optimum  crop  growth  the  kernels  of  cereals  and  the  seeds  of  other 
crops  do  not  attain  their  normal  size,  but  become  shriveled  and  light  in 
weight.  Nitrogen  starvation  in  fruit  trees  is  characterized  by  the  early 
shedding  of  leaves,  the  death  of  lateral  buds,  and  the  development  ot  , 
unusually  colored  fruit.  The  most  apparent  influence  of  nitrogen  on  plant 
growth  is  its  influence  on  the  development  of  the  vegetative  portion  of 
fhe  plant.  A  nitrogen  deficiency  appears  to  reduce  in  some  way  the  water 
content  of  the  plant.  Following  an  application  of  nitrogenous  fertilizer 
pin  s  uffering  from  nitrogen  starvation  the  green  color  of  the  leaves  may 
£  Opened.  In  many  cases  the  green  color  of  the  plant  indicates  that  the 
plant  is  in  a  healthy  condition.  It  is  well  to  emphasize  the  fact,  however 

tobacco  of  poor  quality. 
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In  general,  plant  characteristics  showing  nitrogen  deficiency  are  about 
the  same  for  most  field  crops.  Plant  leaves  first  assume  a  light  green  color, 
yellowing  and  drying  up  or  shedding  as  they  grow  older.  The  chlorosis  of 
a  leaf  indicates  a  disturbance  of  nitrogen  metabolism,  as  well  as  of  iron 
metabolism,  as  has  been  pointed  out  by  Bennett  (1943). 

Normal  applications  of  nitrogen  appear  to  hasten  maturity  slightly. 
On  the  other  hand,  excessive  applications  of  nitrogen  may  delay  maturity 
and  often  may  cause  the  plant  to  produce  excessive  vegetative  growth. 
When  excessive  quantities  of  nitrogen  are  supplied,  the  flavor  of  peaches 
is  known  to  deteriorate,  as  do  also  the  malting  qualities  of  barley.  Like¬ 
wise,  excessive  nitrogen  has  been  observed  to  bring  about  sap  impurity  in 
sugar  plants,  lodging  of  small  grains,  and  an  increase  in  the  nicotine  con¬ 
tent  of  tobacco;  it  has  been  observed  to  affect  the  keeping  quality  of 
many  fruits  and  vegetables,  as  well  as  to  injure  the  color  and  odor  of  hops. 
An  excessive  quantity  of  nitrogen  is  known  to  decrease  the  resistance  of 
plants  to  disease.  The  small  grains,  for  instance,  succumb  readily  to  rust 
when  excessive  quantities  of  nitrogen  are  present. 

The  percentage  nitrogen  content  of  plants  is  increased  when  the 
nitrogen  is  available  in  abundant  quantities.  This  has  been  noted  particu¬ 
larly  with  the  grass  family,  but  also  with  many  vegetables.  The  protein 
content  .of  wheat  may  be  increased  by  the  application  of  nitrogen  at  the 
heading  stage.  Thatcher  and  Arny  (1917)  have  called  attention  to  the  data 
secured  at  the  Ohio  Experiment  station,  which  showed  that  oats  receiving 
nitrogenous  fertilizer  usually  produced  grain  having  a  higher  percentage 
of  nitrogen  than  oats  from  plats  receiving  no  nitrogen. 

The  influences  of  nitrogen  on  plant  growth  are  in  many  respects  similar 
to  the  influences  of  water.  Large  applications  of  nitrogen  may  cause  the 
plant  to  become  succulent,  a  condition  which  may  or  may  not  be  desirable. 
With  such  crops  as  lettuce,  radishes,  and  the  grasses,  where  succulence 
may  be  desirable,  or  at  least  not  objectionable,  larger  quantities  of  nitrogen 
may  be  applied  than  is  normally  the  custom.  With  most  held  crops  the 
application  of  nitrogen  should  be  sufficient  only  to  keep  the  plant  growing 
in  a  normal  manner.  Plants  receiving  sufficient  nitrogen  appear  to  be 
better  able  to  utilize  phosphoric  acid  and  potash. 

Influences  of  Phosphoric  Acid  on  Plant  Growth 

Low  crop  yields  are  more  often  due  to  a  lack  of  phosphoric  acid  than 
to  a  lack  of  any  other  nutrient.  Phosphoric  acid  has  often  been  called  the 
master  key  to  agriculture.  Phosphoric  acid  appears  to  be  concerned  in  the 
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production  of  nucleoproteids  and  it  appears  that  phosphoric  acid  influ¬ 
ences  the  production  of  seed  or  grain  more  particularly  than  does  nitrogen 
or  potash.  Russell  (1932)  found,  however,  that  in  the  case  of  cereals  it  does 
not  decrease  the  ratio  of  stem  to  grain.  Phosphoric  acid  has  a  marked 
influence  on  the  hastening  of  the  maturity  of  some  plants,  and  thus  serves 
a  useful  purpose  in  cold  climates  where  growing  seasons  are  short.  The 
more  soluble  forms  of  phosphoric  acid  appear  to  hasten  maturity  to  the 
greatest  degree.  At  the  Rothamsted  Experiment  Station  phosphoric  acid 
has  been  shown  to  be  of  particular  value  in  hastening  the  maturity  of  crops 
during  wet  years.  The  hastening  of  maturity  during  dry  seasons  may  be 
objectionable  in  that  maturity  may  take  place  before  there  has  been 
sufficient  rainfall  to  meet  the  demands  for  a  satisfactory  yield  of  crop.  This 
is  often  apparent  with  corn  and  tobacco.  The  influence  of  phosphoric  acid 
on  hastening  maturation  of  cabbage  has  been  noted  by  Noll  (1923),  and  a 
similar  influence  on  cotton  has  been  noted  by  Blackwell  and  Buie  (1921), 
and  Williams,  Buie,  and  Stacy  (1937). 

The  presence  of  phosphoric  acid  in  the  plant  has  been  found  to  influ¬ 
ence  cell  division  as  well  as  the  formation  of  fat  and  albumin.  In  its 


absence  starch  will  not  change  to  sugar.  The  most  noticeable  plant 
symptom  of  phosphoric  acid  deficiency  in  most  field  crops  appears  to  be 
slow  growth  with  small  and  very  dark  green  leaves  but  there  are  no 
symptoms  that  can  be  accepted  for  diagnostic  purposes  with  assurance. 

Phosphoric  acid  also  stimulates  the  development  of  roots,  particularly 
of  the  root  crops.  It  has  been  found  to  have  a  beneficial  influence  on  the 
development  of  a  good  lateral  root  system  of  fall-sown  grains,  and  to 
increase  tillering.  Both  Russell  (1915)  and  Noll  (1923)  have  shown  that 
phosphoric  acid  promotes  the  formation  of  lateral  and  fibrous  roots.  In 
many  respects  phosphoric  acid  counteracts  the  influences  of  nitrogen. 
Bear  and  Salter  (1916)  have  presented  data  from  the  West  Virginia 
Experiment  Station  showing  that  the  phosphorus  content  of  the  soi  is 
related  to  nitrogen  fixation,  or  to  nitrogen  conservation,  or  to  both. 

In  Great  Britain  a  disease  of  apples  known  as  Baldwin  spot  or  bitter 
pit  has  been  found  to  be  due  to  a  deficiency  of  phosphoric  acid  Bronze- 
purple  colored  leaves  are  often  noted  ar  the  top  of  new  shoots  of 
phosphate-starved  apple  trees. 

Influences  of  Potash  on  Plant  Growth 

As  far  as  is  known,  plants  do  not  build  potassium  into  the  structure 
of  any  of  their  parts.  Nevertheless,  absorbed  potass, um  cannot  be  leache 
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out  of  the  plant  as  long  as  it  is  living,  but  it  is  readily  washed  out  after  the 
plants  are  killed. 

Among  the  more  marked  influences  of  potash  on  plant  growth  is  its 
influence  upon  the  development  of  the  woody  parts  of  stems  and  the  pulp 
of  fruits.  It  seems  to  slow  down  the  effects  resulting  from  excessive 
nitrogen  and  to  prevent  the  too  rapid  maturation  resulting  from  too  much 
available  phosphoric  acid.  It  is  certainly  an  important  element  affecting 
the  oxidizing  and  reducing  processes  that  go  on  in  the  plant.  Potash  is 
essential  both  for  the  photosynthesis  and  for  the  translocation  of  starch. 
Nightingale  (1943)  has  secured  evidence  showing  that  potash  may  be 
essential  for  nitrate  reduction  and  protein  synthesis.  It  probably  also  plays 
an  important  part  in  oil  and  albuminoid  synthesis.  It  appears  to  be  essen¬ 
tial  in  the  development  of  chlorophyll  and  in  regulating  the  water  con¬ 
tent  of  the  cytoplasm.  It  may  also  influence  cell  wall  formation  and 
stiffness  of  stems.  Although  potash  may  increase  the  efficiency  of  photo¬ 
synthesis  it  does  not  increase  the  size  or  the  number  of  leaves.  When 
potash  is  deficient  the  older  leaves  of  plants  become  mottled  or  chlorotic 
with  more  or  less  necrosis  along  the  margins.  Potash  imparts  firmness  and 
coherency  to  the  ash  of  tobacco,  and  is  necessary  for  continued  burning  of 
tobacco  without  flame.  McMurtrey  (1941)  states  that  potash  shortage  in 
tobacco  results  in  leaves  that  are  off  color  and  that  lack  body,  elasticity, 
and  aroma,  and  that  have  poor  fire-holding  capacity. 

Janssen  and  Bartholomew  (1929)  have  shown  that  the  potash  present 
in  the  plant  is  for  the  most  part  readily  soluble  in  water.  Potash,  like 
sodium,  calcium,  and  chlorine,  is  found  in  largest  amounts  in  the  stalks 
of  plants,  but  it  is  concentrated  also  in  the  growing  tips. 

Potash  appears  to  aid  the  plant  in  resisting  certain  diseases,  and  in  this 
way  may  counteract  the  effect  of  too  much  nitrogen,  which  appears  to 
decrease  disease  resistance.  The  common  legumes  require  relatively  large 
amounts  of  potassium  in  spite  of  the  fact  that  potassium  does  not  enter 
into  organic  combination  in  plant  tissue.  The  influence  of  potash  on  the 
control  of  cotton  wilt  has  been  shown  by  Young,  Janssen,  and  Ware 
(1932),  of  the  Arkansas  Experiment  Station,  and  by  Young,  at  the  Texas 
Experiment  Station.  Potash  also  furnishes  the  necessary  principle  for 
alleviating  rust  in  cotton  and  small  grains  and  bacterial  leaf-spot  in 
tobacco.  Potash  is  known  to  delay  maturation  and  to  retard  transpiration 
During  dry  years  potash  salts  appear  to  induce  a  longer  period  of  growth 
so  that  in  some  cases  this  may  be  an  advantage  in  that  the  crop  may  not 
mature  until  sufficient  rainfall  has  occurred.  Potassium  not  only  appears  to 
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protect  plants  from  excessive  losses  of  water  during  periods  of  drouth,  but 
it  appears  to  lessen  the  injuries  due  to  low  temperature.  Pastures  well  sup¬ 
plied  with  potash  stay  green  longer  during  dry  periods  and  in  some  parts 
of  the  country  the  quantity  of  soluble  potash  determines  the  stand  of 
clovers.  Kraybill  (1930)  has  called  attention  to  the  work  done  with  sweet 
potatoes  at  the  New  Jersey  Experiment  Station  by  Schermerhorn.  He  has 
shown  that  the  application  of  potash  resulted  in  the  production  of  a  stocky 
shaped  potato  high  in  protein.  This  observation  has  also  been  made  by 
Nightingale  (1943).  When  insufficient  potash  was  available  the  plants  were 
unable  to  synthesize  sufficient  protein. 

Apparently  an  increase  in  the  absorption  of  nitrogen  by  plants  is 
followed  by  an  increase  in  leaf  area,  and  this  in  turn  must  be  followed  by 
an  increase  in  the  absorption  of  potash  if  carbohydrates  are  to  be  made  in 
sufficient  quantities  for  normal  protein  production  comparable  to  the 
amount  of  nitrogen  absorbed.  For  this  reason  neither  potassic  nor  nitrog¬ 
enous  fertilizers  give  their  full  effect  without  adequate  supplies  of  the 
other.  Wall  (1940)  has  reported  that  if  ammoniacal  nitrogen  enters  a 


potash-deficient  tomato  plant  rapidly  the  synthesis  ot  some  forms  of 
organic  matter  appears  to  stop,  and  that  ammonia  accumulation  will 
produce  injury  to  the  tissues  of  the  plant. 

The  absorption  of  large  quantities  of  soluble  potash  by  the  plant  does 
not  appear  to  interfere  with  the  normal  development  of  most  crops.  An 
optimum  supply  of  potash  appears  necessary  for  the  production  of  the 
best  quality  of  grain  and  fruit.  In  fact,  potash  is  sometimes  referred  to 
as  the  quality  element  in  fertilizers.  An  abundance  of  potash  appears  to 
improve  the  shape,  size,  and  cooking  qualities  of  Irish  and  sweet  potatoes, 
the  sugar  content  of  sugar  beets,  the  shape  of  cucumbers,  the  color  and 
firmness  of  tomatoes,  the  crispness  of  celery,  the  color  and  flavor  of 
strawberries,  the  color  and  flavor  of  apples  and  peaches,  the  thickness  of 
rind  and  the  percentage  of  juice  of  oranges,  the  quality  of  tobacco  leaf,  the 
length  and  strength  of  cotton  fiber,  the  lodging  of  corn,  and  the  tender¬ 
ness  of  peas.  Potash  has  a  marked  influence  on  the  flavor  of  grapes  and 
wines  and,  like  phosphorus,  may  improve  the  keeping  quality  of  certain 

fruits  and  vegetables.  .  .  . 

Potash  appears  to  prevent  the  accumulation  of  iron  in  the  joint  tissues 

of  corn,  accumulations  that  interfere  with  the  transportation  of  foods 
which  may  increase  the  plant’s  susceptibility  to  root  rot.  1  his  may  proba¬ 
bly  also  hold  true  for  the  legumes  so  that  concern  over  potash  deficiency 
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may  arise  in  those  areas  where  heavy  applications  of  lime  and  phosphate 
have  been  made. 

Fertilizing  Value  of  Vitamins  and  Hormones  and 

Growth  Regulators 

Much  publicity  has  been  given  to  the  use  of  Vitamin  B  for  fertilizer 
purposes,  and  the  use  of  growth  regulators  for  treating  seeds  or  incor¬ 
porating  with  fertilizers.  Tests  conducted  at  the  Boyce  Thompson 
Institute  for  Plant  Research  show,  according  to  Zimmerman  (1941)  that 
these  growth  substances  have  no  fertilizing  value  when  used  as  generally 
recommended  for  horticultural  practice.  Carpenter  (1943),  however,  has 
shown  that  vitamin  B>,  riboflavin,  and  other  vitamins  are  present  in  soils 
and  may  be  absorbed  by  plants.  This  would  suggest  that  plants  might 
supplement  synthesized  vitamins  from  the  soil.  As  pointed  out  by  Hoag- 
land  (1945),  it  might  be  assumed  that  all  the  vitamins  used  by  animals  may 
have  a  role  in  plant  growth  and  metabolism. 

Hamner  (1945)  came  to  the  conclusion  that  soil  type  and  nutrient 
supply  have  much  less  influence  on  the  vitamin  content  of  plants  than 
do  variety  and  climate.  The  principal  use  of  growth  substances  to  date  has 
been  to  propagate  plants  from  cuttings,  to  inhibit  buds  of  potato  tubers, 


Fig.  132.  A  big  crop  of  celery  removes  more  plant  food  from  the  soil  than  almost 
any  other  crop.  (Courtesy,  Better  Crops  with  Plant  Food.) 
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to  induce  seedless  tomatoes,  and  to  prevent  preharvest  drop  of  apples. 
Many  of  these  hormones  are  halogen,  methyl,  and  nitro  derivatives  of 
phenoxy  and  benzoic  acids. 

Zimmerman  (1943)  came  to  the  conclusion  that  the  practice  of  adding 
vitamins  and  plant  hormones  to  fertilizers  has  more  sales  than  practical 
value. 

Response  of  Crops  to  Plant  Nutrients 

Ever  since  fertilizers  have  been  commonly  used  it  has  been  recognized 
that  crops  respond  in  varying  degrees  to  the  individual  nutrient  elements. 
Furthermore,  there  are  varietal  differences  in  response  to  mineral  deficien¬ 
cies.  This  has  been  shown  to  be  the  case  with  garden  beets  by  Walker  et  al. 
(1945).  Nevertheless,  a  classification  of  crops  on  the  basis  of  their  response 
to  nutrients  has  been  attempted  by  many  investigators.  The  classification 
suggested  by  Hartwell  (1922)  and  based  on  the  experimental  response  of 
crops  at  the  Rhode  Island  Experiment  Station  is  probably  the  best  that 
has  been  suggested  so  far.  This  classification  is  given  in  Table  113.  In  this 


Table  113 


Response  of  Crops 


Group 

Nitrogen 

• 

1  Rye 

1  Bean 

I . 

\  Corn 
<  Cucumber 

II . 

)  Cabbage 
f  Pea 
\  Potato 
/  Wheat 

1  Sunflower 
\  Turnip 
/  Tomato 

Ill . 

)  Beet 

I  Carrot 
\  Oat 
/  Millet 

1  Parsnip 
\  Buckwheat 
/  Lettuce 

)  Barley 

1  Squash 
\  Onion 

to  Fertilizer  Nutrients 


Phosphoric  Acid 

Potash 

Carrot 

Corn 

Buckwheat 

Rye 

Millet 

Cabbage 

Oat 

Turnip 

Pea 

Bean 

Bean 

Oat 

Tomato 

Pea 

Corn 

Millet 

Potato 

Wheat 

Rye 

Buckwheat 

Wheat 

Carrot 

Sunflower 

Potato 

Barley 

Tomato 

Lettuce 

Barley 

Cabbage 

Squash 

Beet 

Sunflower 

Cucumber 

Beet 

Onion 

Onion 

Parsnip 

Parsnip 

Squash 

Lettuce 

Turnip 

Cucumber 
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Fig.  133.  Response  of  evergreen  cuttings  to  application  of  root  hormone. 
(Courtesy,  Henry  H.  Kirkpatrick  and  the  Boyce  Thompson  Institute  for  Plant 
Research .) 


table  group  I  shows  the  least  response,  and  group  III  the  greatest.  Accord¬ 
ing  to  this  classification  corn  falls  in  group  I  as  to  nitrogen  and  potash,  and 
in  group  II  as  to  phosphoric  acid.  Similar  variations  will  be  noted  with  the 
other  crops.  It  should  be  kept  in  mind  that  the  response  of  these  crops 
to  the  three  nutrients  may  not  be  the  same  when  grown  under  other  soil 
and  environmental  conditions. 

As  might  be  expected,  the  response  of  crops  to  the  various  nutrients 
appears  to  be  extremely  varied.  This  is  well  illustrated  in  the  general  sum¬ 
mary  of  all  published  information  on  the  influence  of  fertilizers  on  crop 
quality  which  was  presented  by  Hartwell  (1932)  at  the  1932  convention 
of  the  National  Fertilizer  Association.  A  careful  survey  of  this  paper 
should  be  made  by  anyone  who  is  interested  in  the  influences  exerted  on 
plant  growth  by  the  various  nutrient  elements. 

In  Table  114  is  given  a  key,  by  McMurtrey  (1938)  showing  the  plant 
characteristics  in  tobacco  which  may  indicate  a  deficiency  of  some  of  the 
essential  elements. 

Laurie  and  Wagner  (1940),  after  studying  the  deficiency  symptoms  of 
greenhouse  flowering  plants,  suggested  the  key  to  nutrient  deficiency 
symptoms  given  in  Table  115,  and  Davidson  (1941),  after  making  an 
intensive  study  of  trees,  prepared  the  key  given  in  Table  116,  showing 
plant  nutrient  deficiency  symptoms  in  deciduous  fruit. 

Fruit  trees  appear  to  have  a  high  nitrogen  requirement  but  seem  to  be 
able  to  tolerate  a  rather  low  supply  of  phosphoric  acid  and  potash. 
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Response  of  Crops  to  Plant  Nutrients 
Table  115 

Key  to  Nutrient  Deficiency  Symptoms  for  Greenhouse  Flowering  Plants 

A  Effects  general  on  whole  plant  or  localized  on  older,  lower  leaves. 

I.  Effects  usually  general  on  whole  plant,  although  often  manifested  by  yellowing 

and  dying  of  older  leaves. 

a.  Foliage  light  green.  Growth  stunted,  stalks  slender,  and  few  new  breaks. 
Leaves  small,  lower  ones  lighter  yellow  than  upper.  Yellowing  followed  by 
a  drying  to  a  light  brown  color,  usually  little  dropping.  Minus  nitrogen. 

b.  Foliage  dark  green.  Retarded  growth.  Lower  leaves  sometimes  yellow  between 
veins  but  more  often  purplish,  particularly  on  petiole.  Leaves  dropping  early. 
Minus  phosphorus. 

II.  Effects  usually  local  on  older,  lower  leaves. 

a.  Lower  leaves  mottled,  usually  with  necrotic  areas  near  tip  and  margins.  Yellow¬ 
ing  beginning  at  margin  and  continuing  toward  center.  Margins  later  becoming 
brown  and  curving  under  and  older  leaves  dropping  Minus  potassium. 

b.  Lower  leaves  chlorotic  and  usually  necrotic  in  late  stages.  Chlorosis  between 
the  veins,  veins  normal  green.  Leaf  margins  curling  upward  or  downward  or 
developing  a  puckering  effect.  Necrosis  developing  between  the  veins  very 
suddenly,  usually  within  24  hours.  Minus  magnesium. 

B.  Effects  localized  on  new  leaves. 

I.  Terminal  bud  remaining  alive. 

a.  Leaves  chlorotic  between  the  veins;  veins  remaining  green. 

1.  Necrotic  spots  usually  absent.  In  extreme  cases  necrosis  of  margins  and  tip 
of  leaf,  sometimes  extending  inward,  developing  large  areas.  Larger  veins 
only  remaining  green.  Minus  iron.  Note;  Certain  cultural  factors,  such  as 
high  pH,  overwatering,  low  temperature,  and  nematodes  on  roots,  may 
cause  identical  symptoms.  Nevertheless,  the  symptoms  are  still  probably 
due  to  iron  deficiency  in  the  plant  owing  to  unavailability  of  iron  caused 
by  these  factors. 

2.  Necrotic  spots  usually  present  and  scattered  over  the  leaf  surface.  Checkered 
or  finely  netted  effect  produced  by  even  the  smallest  veins  remaining  green. 
Poor  bloom,  both  size  and  color.  Minus  manganese. 

b.  Leaves  light  green,  veins  lighter  than  adjoining  interveinal  areas.  Some  necrotic 
spots.  Little  or  no  drying  of  older  leaves.  Minus  sulfur. 

II.  Terminal  bud  usually  dead. 

a.  Necrosis  at  tip  and  margin  of  young  leaves.  Young  leaves  often  definitely 
hooked  at  tip.  Death  of  roots  actually  preceding  all  the  above  symptoms. 
Minus  calcium. 

b.  Breakdown  at  base  of  young  leaves.  Stems  and  petioles  brittle.  Death  of  roots, 
particularly  the  meristematic  tips.  Minus  boron. 


In  general  the  legumes  contain  a  higher  percentage  of  nitrogen  than 
nonleguminous  plants.  This  appears  to  be  due  not  only  to  the  fact  that 
they  secure  the  greater  part  of  their  nitrogen  indirectly  from  the  unlimited 
supply  m  the  soil  atmosphere,  but  also  because  their  roots  seem  to  have  a 
favorable  influence  on  nitrification  and  can  probably  secure  from  the 
organic  matter  of  the  soil  larger  amounts  of  nitrogen  than  can  the  non- 
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Table  116 

Key  to  Plant-nutrient  Deficiency  Symptoms  in  Deciduous  Fruit  Trees 


Element 

_ _ _ _ _  Deficient 

A.  Symptoms  which,  in  the  early  stages  of  the  deficiency,  are  general  on  the 
whole  tree  or  tend  to  be  localized  in  the  older  leaves  of  the 
current  season’s  growth. 

B.  Symptoms  rather  generally  distributed  but  usually  most  prominent 
on  lower  leaves  of  current  season’s  growth.  No  areas  of  dead 
tissue  developing  on  foliage  except  in  advanced  and  severe 
cases. 

C.  Leaves  yellowish  green;  discoloration  begins  on  old,  mature 
leaves  and  progresses  toward  the  tip.  Accumulations  of  reddish 
and  purplish-red  pigments  usually  obvious.  Under  prolonged 
deficiency,  twigs  hard  and  slender  and  foliage  small .  Nitrogen 

C.  Young  and  nearly  matured  leaves  dark  green,  while  mature  leaves 
are  bronzed  or  ochre-dark  green.  Old  leaves  usually  mottled 
with  light-green  areas  developing  between  dark-green  veins. 

Stems  and  leaf-stalks  developing  abnormal  amounts  of  purplish 
pigment,  especially  during  cool  summer  weather.  As  the  de¬ 
ficiency  continues,  new  twigs  are  slender  and  leaves  small 

(apple)  or  strapshaped  (peach) .  Phosphorus 

B.  Symptoms  appearing  first  on  mature  or  lower  portion  of  current 
season’s  growth  and  occurring  as  mottling  or  chlorosis,  with 
or  without  spots,  blotches,  marginal  scorching,  or  other  ne¬ 
crotic  (dead)  areas  in  foliage. 

C.  Foliage  necrosis  (death  of  tissues)  varying  in  size  from  very  small 
spots  or  dots  to  patches  or  extensive  marginal  areas.  Foliage, 
especially  of  peach,  usually  crinkled.  Necrotic  areas  developing 
first  on  mature  leaves  near  the  middle  or  lower  half  of  the 


A. 


current  season’s  growth.  Twigs  usually  slender  . 

C.  Foliage  necrosis  occurring  as  fawn-co'ored  patches  on  most 
mature,  large  leaves.  Affected  leaves  dropping  progressively 
toward  the  tips  of  the  current  season’s  twigs.  Severe  defoliation 
common,  leaving  a  tuft  or  rosette  of  thin,  dark-green  leaves 

at  the  terminals . 

C.  Foliage  small,  narrow,  more  or  less  crinkled,  and  chlorotic  at  tips 
of  new  growth;  twigs  slender,  with  very  short  internodes  near 
tips,  producing  rosettes  of  leaves.  Defoliation  progressive  from 

bases  to  tips  of  twigs. . 

Symptoms  appearing  first  on  young  tissues  and  tending  to  be  localized 

at  the  terminals  of  twigs. 

B.  Twigs  dying  back  from  terminals.  Newly  developing  or  nearly 
mature  leaves  showing  severe  necrosis. 

C.  Immature  leaves,  especially  those  at  terminals,  dying  back  from 
tips  and  margins  or  along  the  midribs.  Following  severe  injury 
to  foliage  at  terminals,  twigs  die  back  for  an  indefinite  dis¬ 
tance.  These  symptoms  are  always  associated  with  injury  to 

root  tips . . . 

C.  Leaves  more  or  less  chlorotic  and  wrinkled;  sometimes  abnor¬ 
mally  thick  and  brittle.  In  severe  cases,  there  is  dieback  of 
twigs  and  spurs.  With  bearing  trees,  deficiency  is  associated 
with  necrotic  areas  in  the  flesh  or  on  the  surface  of  fruits  even 
when  no  abnormal  growth  is  apparent  in  vegetacive  parts .... 


Potassium 


Magnesium 


Zinc 


Calcium 


Boron 
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Fig.  134.  Potash  irons  out  the  tobacco  leaf,  gives  it  a  smooth  surface  and  im¬ 
proved  texture.  (Left)  No  potash;  ( center )  4  per  cent  potash;  (right)  16  per  cent 
potash.  (Courtesy,  Better  Crops  and  American  Potash  Institute.) 


leguminous  plants.  There  are,  however,  nonlegumes  that  may  contain  as 
high  a  percentage  of  nitrogen  as  the  legumes.  This  is  true  of  rape  and  some 
of  the  common  weeds,  such  as  the  ox-eye  daisy  and  purslane. 

Cooper  (1930)  called  attention  to  the  fact  that  when  certain  legumes 
are  grown  in  soils  where  liberal  amounts  of  available  phosphorus  and 
nitrogen  are  present  a  negative  correlation  may  exist  between  the  amounts 
of  these  materials  present  in  the  plant.  As  both  nitrogen  and  phosphorus 
are  in  the  same  family  of  elements,  they  would  be  expected  to  have  some¬ 
what  similar  functions  to  perform  in  the  nutrition  of  organisms.  An 
application  of  nitrogen  may  often  reduce  the  absorption  of  phosphorus. 
This  has  been  shown  by  Archibald  and  Nelson  (1929).  They  have  reported 
the  phosphorus  content  of  pasture  plants  to  be  10  per  cent  higher  on 
unfertilized  check  plats  than  on  plats  liberally  fertilized  with  a  complete 
fertilizer  and  calcium  nitrate. 


The  permanent  grass  plats  of  the  Rothamsted  Experiment  Station 
show  that  leguminous  pasture  plants  respond  much  more  readily  to 
phosphoric  acid  and  potash  than  do  the  pasture  grasses.  In  fact,  in  these 
tests  the  application  of  nitrogenous  fertilizers  over  a  long  period  of  time 
has  resulted  m  a  curtailment  in  the  growth  of  legumes,  ofher  Rothamsted 
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results  show  that  swedes  are  very  responsive  to  phosphates  and  mangels  to 
potash.  The  yields  of  these  crops  may  be  used  as  a  measure  of  the  quan¬ 
tities  of  available  phosphate  and  potash  in  the  soil. 

It  appears  that  the  feeding  power  of  plants  for  potash  is  related  some¬ 
what  to  their  rate  of  growth.  Plants  that  grow  slowly  can  probably  utilize 
the  less  soluble  forms  of  potash. 


Compound  Deficiency  Symptoms 

Fortunately  there  appears  to  be  little  or  no  blending  of  the  plant 
nutrient  deficiency  symptoms.  Where  there  is  more  than  one  nutrient 
deficient  the  plant  will  usually  show  the  deficiency  symptoms  of  the  first 
limiting  nutrient  to  dominate  the  rest.  When  the  plant  s  need  for  the  first 
limiting  nutrient  is  satisfied  through  fertilization  then  the  deficiency  symp¬ 
toms  of  the  second  limiting  nutrient  become  dominant  and  so  on.  This 
characteristic  of  plants  simplifies  the  problem  of  diagnosis  and  treatment. 


Estimating  Fertilizer  Needs 

Often  the  appearance  of  the  growing  crop  will  in  a  general  way  indicate 
its  nutrient  needs.  For  instance,  if  it  is  noted  that  there  is  an  early  and  full 
development  of  seeds,  there  is  little  doubt  but  that  the  soil  contains  a 
satisfactory  amount  of  available  phosphoric  acid.  Likewise,  a  late  and 
imperfect  development  of  seed  and  fruit,,  especially  of  plants  that  have 
had  a  dark  green  color  with  a  tendency  to  develop  purplish  coloration, 
may  indicate  the  lack  of  sufficient  soluble  phosphoric  acid. 

When  the  leaves  of  crops  present  a  normal  green  color  and  the  stems 
and  leaves  are  well  developed,  it  may  be  assumed  that  the  soil  has  sufti- 
cient  nitrogen.  If  there  is  a  tank  and  excessive  growth  of  leaf  and  stem  it 
may  again  be  assumed  that  the  available  nitrogen  is  excessive  as  compared 
with  the  available  phosphoric  acid  and  potash.  This  excessive  vegetative 
growth,  due  to  an  oversupply  of  nitrogen,  is  often  accompanied  in  some 

plants  by  the  imperfect  development  of  flower  buds. 

A  deficiency  of  potash  often  manifests  itself  on  sandy  soils  and  some- 

times  on  clay  soils.  In  the  plant  a  deficiency  in  potash  is  shown  by  a  oar 
acteristic  chlorosis  of  the  leaves.  The  edges  of  the  leaf  turn  yellow,  toll,  an 
die,  and  with  many  crops  the  dead  tissue  falls  away  from  the  leaf,  leaving 

a  Theedneed  for  magnesium  also  shows  itself  in  crops  by  a  characteristic 
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are  not  satisfactory,  and  that  water  has  not  been  a  limiting  factor  to  crop 
growth,  he  should  make  an  effort  to  determine  whether  or  not  some 
nutrient  element  is  lacking  in  his  soil.  For  this  purpose  plant  symptoms  of 
nutrient  deficiency  in  conjunction  with  soil  characteristics  should  be 
studied.  A  consideration  of  the  following  soil  and  plant  characteristics 
may  help  in  determining  what  nutrients  are  deficient. 

Where  nitrogen  may  be  deficient: 

1.  If  the  soil  is  grayish  in  color. 

2.  If  the  soil  is  sandy. 

3.  If  the  soil  is  deficient  in  organic  matter. 

4.  If  the  soil  is  extremely  acid. 

5.  If  the  soil  has  been  supplied  with  organic  material  which  has  a 
wide  nitrogen-carbon  ratio. 

6.  If  the  top-soil  has  been  removed  by  erosion. 

7.  If  leguminous  green  manure  has  not  been  turned  under  regularly. 

8.  If  the  land  has  been  burned  over  at  frequent  intervals. 

9.  If  plants  appear  stunted  and  have  pale  green  or  yellowish  leaves. 

10.  If  the  leaves  of  corn  "fire.” 

11.  If  plants  mature  prematurely. 

12.  If  leaves  of  trees  are  shed  early. 

Where  nitrogen  is  usually  abundant: 

1.  If  soils  contain  plenty  of  organic  matter. 

2.  If  plants  mature  slowly. 

3.  If  plants  have  a  healthy  green  color  and  are  making  a  good  growth. 

4.  If  small  grain  lodges  badly. 

Where  phosphoric  acid  may  be  deficient: 

1.  If  the  soil  has  a  grayish  color. 

2.  If  the  soil  has  a  fine  texture. 

3-  If  the  soil  is  poorly  drained. 

4.  If  the  soil  is  extremely  acid. 

5.  If  the  soil  is  low  in  organic  matter. 

6.  If  the  growth  of  small  grain  has  been  good  but  the  yield  has  been 
poor. 

.?•  If  P^nts  appear  stunted  where  nitrogen  and  potash  have  been 
applied. 

8.  If  tomato  or  corn  leaves  have  a  purplish  color. 

9.  If  pastures  are  devoid  of  clovers. 

Where  phosphoric  acid  is  usually  abundant: 

1.  If  plants  develop  good  root  systems. 
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2.  If  plants  mature  at  the  proper  time. 

3.  If  the  ratio  of  straw  to  grain  is  normal. 

4.  If  plants  are  making  normal  growth. 

Where  potash  may  be  deficient: 

1.  If  the  soil  has  a  grayish  color. 

2.  If  the  soil  is  sandy. 

3.  If  the  soil  is  peat  or  muck. 

4.  If  the  soil  is  of  limestone  origin. 

5.  If  corn  plants  fall  badly. 

6.  If  plant  leaves  show  symptoms  of  potash  deficiency. 

Where  potash  is  usually  abundant: 

1.  If  plants  have  good  root  systems. 

2.  If  plant  growth  has  been  normal. 

3.  If  plants  have  vigorous  appearance  with  vigorous  stems  and 
branches. 

4.  If  plant  leaves  do  not  show  symptoms  of  potash  deficiency. 

It  might  be  thought  that  the  above  considerations  would  be  a  rather 
crude  way  to  estimate  plant  nutrient  deficiencies.  Nevertheless,  it  should 
be  kept  in  mind  that  fertilizer  recommendations  and  opinions  as  to  soil 
adaptability  for  a  given  crop  are  guesses  at  best,  and  that  any  information 
that  will  increase  the  validity  of  the  guess  is  worthy  of  consideration. 


Choice  of  Nitrogenous  Fertilizers 

Nitrogen  is  the  most  expensive  plant  nutrient  which  the  farmer  has  to 
buy  although  there  is  a  considerable  variation  in  the  price  the  farmer  has 
to  pay  for  nitrogen  in  the  various  sources  available  to  him.  The  wholesale 
prices  of  these  different  forms  vary  at  the  present  time  from  about  10  cents 
to  30  cents  a  pound,  so  that  it  is  essential  that  a  farmer  give  careful  con¬ 
sideration  to  the  efficiency  of  the  various  forms  of  nitrogen  in  producing 
crops.  Fortunately  for  the  farmer  this  problem  is  not  a  new  one  and  much 
experimental  evidence  is  already  available  to  aid  him  in  his  selection. 

The  choice  of  a  nitrogenous  fertilizer,  like  the  selected  method  and 
time  of  application,  must  necessarily  depend  upon  many  factors.  Four 
maior  forms  of  nitrogenous  fertilizers  must  be  recognized;  the  water- 
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°  . , .  L  are  low  in  total  availability  and  ate  expensive.  The  nitrates 
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tend  to  reduce  soil  acidity.  Following  application  they  are  subject  to 
leaching  and  are  usually  best  applied  in  split  applications.  The  ammonia- 
cals  are  completely  available  to  crops  and  are  not  easily  leached  from  t 
soil  They  are  notorious  for  increasing  soil  acidity,  but  this  acidity  may  be 
corrected  with  limestone.  When  properly  used  they  are  excellent  forms  ol 
nitrogen  to  apply  at  planting.  The  nonproteid  organic,  such  as  urea,  is 
completely  available,  is  resistant  to  leaching,  and  only  slightly  increases 
soil  acidity.  It  is  an  excellent  form  of  nitrogen  to  use  in  complete  fertilizer, 
and  its  efficiency  is  high,  especially  when  used  in  conjunction  with  a  little 
limestone.  The  use  of  the  nonproteid  organic  calcium  cyanamide  has 
already  been  discussed. 

As  stated  above,  nitrogen  in  the  nitrate  form  readily  leaches  from  the 
soil.  The  reason  for  this  lies  in  the  fact  that  the  nitrate  ion  is  negatively 
charged  and  therefore  may  not  be  held  by  the  soil  complex.  ^J^hen  the 
nitrate  ion  is  leached  from  the  soil  it  carries  with  it  valuable  soil  bases  such 
as  calcium,  magnesium,  and  potassium.  Nevertheless,  nitrates  are  ideal 
carriers  of  nitrogen  where  immediate  availability  is  desired.  In  order  to 
overcome  in  part  their  objectionable  leaching  qualities  nitrates  are  most 
commonly  used,  as  side-dressing  and  top-dressing  and  for  immediate 
consumption  of  winter  growing  crops.  Nitrates  appear  to  give  best  results 
when  applied  to  vegetables,  or  to  short-season  crops*  or  when  applied 
during  cold  backward  seasons.  Ammoniacal  nitrogen  usually  is  cheaper 
than  nitrate  nitrogen. 

All  of  the  nitrogenous  fertilizers  not  of  plant  or  animal  origin,  with 
the  exception  of  the  nitrates  and  calcium  cyanamide,  are  physiologically 
acid  and  should  be  used  with  lime  on  acid  soils  for  acid  intolerant  crops. 
It  appears  that  plants  that  are  acid-tolerant  are  better  able  to  utilize 
nitrogen  in  the  form  of  ammonia  than  when  it  is  in  the  nitrate  form. 
Evidence  is  at  hand  which  indicates  that  the  presence  in  the  soil  of  both 


nitrate  and  ammoniacal  nitrogen  may  satisfy  the  requirements  of  many 
plants  better  than  does  the  presence  of  only  one  form  of  nitrogen. 

In  general  the  application  of  nitrogen  to  pastures  appears  to  discourage, 
for  a  while  at  least,  the  growth  of  legumes.  Field  observations  show  that 
plants  started  with  a  minimum  of  nitrogen  usually  develop  an  extensive 
root  system. 

Only  under  exceptional  conditions  will  plants  recover  more  than  50 
per  cent  of  the  nitrogen  applied  the  first  year  after  application.  As  the  soil 
micelle  readily  absorb  ammonia,  ammoniacal  forms  of  nitrogen  may  be 
put  under  the  crop  without  fear  of  loss  by  leaching,  provided  extremely 
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heavy  applications  are  not  made.  It  must  be  remembered,  however,  that 
the  ammoniacal  nitrogen  compounds  usually  nitrify  to  nitrates  before 
they  are  absorbed  by  many  field  crops  and  that  if  the  resulting  nitrates  are 
not  absorbed  by  plants  or  microorganisms  they  may  be  lost  by  leaching. 


Choice  of  Phosphatic  Fertilizers 

In  general,  it  appears  that  the  efficiency  of  phosphatic  fertilizers  is 
reduced  when  they  are  applied  to  very  acid  or  very  alkaline  soils.  Salter 
and  Barnes  (1935)  found  that  the  more  acid  phosphates,  monoammonium 
and  monocalcium,  tended  to  increase  in  efficiency  with  increasing  pH 
value  of  the  soil.  They  found  also  that  the  availability  of  low-ammoniated 
superphosphate  changes  very  little  with  change  in  soil  pH  value,  whereas 
materials  containing  phosphorus  in  the  form  of  tricalcium  phosphate  - 
either  as  such  (highly  ammoniated  superphosphates)  or  in  carbon  or 
fluoride  combinations  (bone  meal  and  phosphate  rock,  respectively) 
showed  decreasing  efficiency  with  increasing  pH  and  were  not  well 
adapted  for  use  on  neutral  or  alkaline  soils.  The  efficiency  of  slag  appeared 
to  occupy  an  intermediate  position  between  that  of  ammoniated  super¬ 
phosphates  and  phosphate  rock. 

The  relative  availability  of  eight  phosphates  for  tomatoes,  potatoes, 
and  lima  beans  when  grown  in  sand,  as  reported  by  Hester  (1940),  is 
given  in  the  following  table. 


Table  117 


Availability  of  Phosphate  Compounds  to  Plants  Grown  in  Sand* 


Compounds 

Tomatoes 

Potatoes 

Lima  Beans 

1 

14 

52 

iron  pnuijpnait . 

24 

90 

98 

Aluminum  piiuapiiAt^ . 

83 

122 

0 

Manganese  piiuopnAi.'- . 

Tri-calcium  phosphate 
Tri-magnesium  phosphate 

145 

301 

296 

110 

320 

302 

87 

319 

307 

Ui-caicium  pnuspiiai'- . 

320 

307 

371 

Mono-calcium  pnuspmm- . 

Rock  phosphate . 

5 

31 

33 

of  PiO;.  applied  as  the  above 


*  Milligrams  P2Oa  absorbed  by  plants  from  equal  amounts 
compounds. 

DeTurk  (1941)  called  attention  to  the  fact  that  most  legumes  have  the 
pow^L  ge!  phosphorus  from  so,,  soutces  which  ate  too  slowly  ava.lable 

to  supply  grasses. 
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Choice  of  Potash  Fertilizers 

In  view  of  the  fact  that  most  potash  fertilizers  appear  on  the  market 
only  in  the  chloride  and  sulfate  forms  the  farmer  has  little  choice.  Muriate 
of  potash,  manure  salts,  and  kainite  contain  potash  in  the  chloride  form, 
while  potassium  sulfate,  of  course,  is  in  the  sulfate  form.  The  relative 
value  of  sulfates  and  chlorides  has  been  discussed  in  a  previous  chapter. 
The  real  basis  of  choice  of  potash  fertilizers  is  dependent  upon  the  relative 
cost  per  unit  of  the  potash  found  in  the  fertilizer. 

Influence  of  Season  on. Nutrient  Availability 

Because  soil  potassium  and  sulfur  compounds  are  only  slightly  soluble 
in  the  soil  solution  plant  deficiencies  of  these  elements  are  more  likely  to 
be  noted  during  dry  seasons.  The  same  may  be  said  concerning  boron. 
On  the  other  hand,  because  magnesium  and  manganese  compounds  are 
highly  soluble  their  deficiency  symptoms  in  plants  are  more  likely  to 
appear  during  wet  seasons.  Many  plant  nutrient  deficiency  symptoms 
may  not  appear  during  the  winter  months  when  the  plants  are  growing 
slowly,  whereas  they  would  appear  readily  during  the  summer  months 
when  the  plants  are  growing  rapidly. 

Choice  of  High-  or  Ordinary-analysis  Fertilizers 

As  has  been  explained  elsewhere,  following  World  War  I  many  new 
high-analysis  and  concentrated  fertilizers  came  on  the  market.  These 
materials  made  it  possible  for  the  manufacturer  of  fertilizer  to  make 
mixed  goods  of  a  very  high  analysis.  Complete  fertilizers  of  high  analysis 
were  recommended  largely  on  the  basis  of  the  financial  saving  that  would 
accrue  from  their  use.  When  the  high-analysis  mixed  goods  failed  to  sell 
as  readily  as  mixed  goods  of  ordinary  analysis,  the  manufacturers  diluted 
them  with  filler  and  made  ordinary-analysis  goods  that  would  sell.  This 
has  resulted  during  the  last  25  years  in  about  a  65  per  cent  increase  in 
the  use  of  filler  in  the  average  mixed  fertilizer  as  compared  with  about 
a  20  per  cent  increase  in  total  plant  food.  Mehring  (1936)  estimated  in 
1934  that  17.8  per  cent  of  the  total  fertilizer  tonnage  in  seven  south¬ 
eastern  states  was  made  up  of  filler,  and  that  this  filler  in  an  average  ton  of 
mixed  fertilizer  cost  the  consumer  $2.21  a  ton.  or  a  total  cost  to  the  farmers 
of  these  states  of  $5,482,000.  Also,  Bledsoe  (1937)  has  estimated  that  the 
fertilizer  manufacturer  pays  only  about  $2.00  a  ton  for  fertilizer  filler  but 
that  owing  to  certain  fixed  overhead  charges  such  as  cost  of  bags,  labor, 
tax,  and  freight  the  farmer  must  pay  $11.00  to  $14.00  a  ton  for  the  filler 
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Early  results  with  the  high-analysis  complete  fertilizers  showed  them 
to  be  somewhat  less  efficient  than  the  standard  strength  fertilizers.  This 
difference  in  favor  of  the  standard  strength  fertilizers  often  has  been  found 
to  be  due  to  their  source  of  nitrogen,  or  to  their  content  of  secondary 
elements  such  as  calcium,  magnesium,  and  sulfur,  or  to  their  content  of 
the  rarer  elements  manganese,  zinc,  copper,  boron,  and  molybdenum. 

More  recently  very  extensive  tests  have  been  conducted  by  Skinner, 
Mann,  Collins,  Batten,  and  Bledsoe  (1937)  and  others.  They  concluded 
that  the  differences  due  to  the  presence  of  the  rarer  elements  were  unim¬ 
portant  and  that  the  sources  of  nitrogen  did  not  vary  widely  in  their  effect 
on  cotton  yields  where  the  fertilizers  were  properly  supplemented  with 
limestone.  This  was  in  line  with  the  conclusions  reached  by  Schreiner 
and  Skinner  in  1934  to  the  effect  that  inorganic  sources  of  nitrogen, 
properly  formulated,  may  be  as  effective  for  cotton  production  as  higher 
priced  organic  nitrogen. 

Ross  and  Mehring  (1934,  1935,  1936)  and  others  have  called  attention 


-  TTTfWe  of  potash  on  the  darkening  of  potatoes.  {Lower 

sratioo-) 
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to  the  fact  that  double-strength  fertilizers  may  be  purchased  at  a  saving 
of  about  20  per  cent  per  unit  of  plant  food  over  those  of  single-strengt  , 
and  Skinner  (1938)  estimated  that  potash  in  60  per  cent  muriate  cou  e 
bought  at  a  40  per  cent  saving  over  that  of  20  per  cent  kainite.  In  1940, 
the  plant  food  in  a  5-10-5  could  be  bought  at  a  saving  of  about  8  per  cent 
over  that  of  a  4-8-4.  It  thus  seems  clear  that  an  extended  use  of  the  high- 
analysis  fertilizers  that  are  properly  supplemented  should  give  excellent 
results  and  at  the  same  time  greatly  reduce  the  cost  of  crop  fertilization. 
All  plant  food  elements  in  complete  fertilizers  should  be  completely 
available  to  the  crop,  and  at  the  same  time,  as  far  as  possible,  resistant  to 
loss  by  leaching. 

It  should  not  be  overlooked,  however,  as  has  been  pointed  out  by 
Volk  et  al.  (1945),  that  the  use  of  high-analysis  fertilizers  will  hasten  the 
development  of  nutritional  problems  involving  calcium,  magnesium, 
sulfur,  acidity,  and  the  rarer  elements. 

Effect  of  Fertilizer  Grade  on  Salt  Content  of  Soil  Solution 

It  has  long  been  recognized  that  the  soluble  fertilizer  materials  had  to 
be  applied  properly  if  injury  to  plants,  arising  from  too  great  a  concentration 
around  the  roots,  was  to  be  avoided.  Furthermore,  it  has  long  been  known 
that  among  the  commonly  used  fertilizer  materials  the  least  injury  usually 
results  from  the  phosphates,  and  the  greatest  injury  from  sodium  nitrate 
and  the  potash  salts. 

The  introduction  on  the  market  of  higher  grades  than  -were  formerly 
used  was  objected  to  by  some  because  it  was  felt  that  they  would  have  to 
be  used  with  greater  care  if  injury  were  to  be  avoided.  This  assumption, 
however,  is  not  justified,  for  White  and  Ross  (1939)  have  shown  that 
damage  of  salt  injury  from  typical  present-day  mixtures  is  less  than  that 
from  mixtures  formerly  used,  even  when  the  nitrogen  in  the  mixtures  is 
applied  to  the  crop  in  split  applications.  Furthermore,  salt  injury  is  not 
necessarily  correlated  with  the  plant  food  content  of  the  fertilizer. 

Necessity  for  Rarer  Elements  in  Mixed  Fertilizers 

The  rarer  elements  such  as  manganese,  copper,  zinc,  boron,  and  molyb¬ 
denum  are  sometimes  incorporated  in  fertilizer  mixtures  by  the  manu¬ 
facturers,  either  because  they  are  convinced  that  these  elements  are  a 
valuable  addition  to  the  fertilizer,  or  because  they  feel  that  the  addition  of 
these  elements  will  aid  in  the  sale  of  their  brands,  whether  or  not  the  ele¬ 
ments  added  are  needed  in  the  territory  they  serve.  Manganese,  copper, 
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Fig  136  Showing  how  fertilizer  may  increase  the  yield  of  fish  in  fertilized  fish 
ponds  (Courtesy,  Mississippi  Agricultural  Exper.ment  Station  ) 
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and  zinc  are  usually  added  as  sulfates  and  boron  as  a  sodium  salt.  Objec¬ 
tion  cannot  be  made  to  the  proper  use  of  the  rarer  elements,  for  the  advan¬ 
tage  of  adding  manganese  sulfate  to  the  Florida  everglade  peats  for  toma¬ 
toes  and  beans  has  been  demonstrated  by  Skinner  and  Ruprecht  (1930), 
and  the  advantage  of  adding  copper  sulfate  to  peat  for  the  purpose  of  cor¬ 
recting  "rabbit’s  ear’’  of  lettuce  and  poor  coloration  of  onions  has  been 
amply  shown  by  Felix  (1927)  and  Knot  (1933),  respectively.  Also,  Barnette 
etal.  (1936)  have  shown  that  zinc  sulfate  must  often  be  added  to  the  sandy 
soils  of  Florida  for  the  control  of  "white  bud’’  of  corn  and,  according  to 
Schreiner  (1931),  boron  is  now  often  successfully  included  in  the  fertilizer 
mixtures  used  under  tobacco  in  Sumatra.  Nevertheless,  farmers  are  con¬ 
fronted  with  the  fact  that  many  fertilizer  companies  are  advertising  that 
their  mixed  goods  carry  the  rarer  elements.  This  is  probably  profitable 
sales  advertising  for  the  manufacturers  and  costs  little,  but  it  is  very  mis¬ 
leading  to  farmers  for,  with  the  exception  of  the  soils  of  Florida  and  per¬ 
haps  other  areas  in  the  Altantic  and  Gulf  costal  plain,  few  soils  of  the 
United  States  are  deficient  in  essential  elements  other  than  nitrogen, 
phosphorus,  potassium,  calcium,  sulfur,  and  magnesium.  Furthermore,  the 
indiscriminate  use  of  the  rarer  elements  may  result  in  serious  crop  injury. 
However,  investigational  work  with  boron  has  now  progressed  to  such  a 
point,  and  boron  deficiency  symptoms  in  plants  have  been  shown  to  be  so 
widespread  that  it  is  very  likely  boron  may  soon  be  a  common  constituent 
of  complete  fertilizers. 

Reducing  Fertilizer  Cost  Through  the  Elimination  of 

Organics 

Years  ago  the  wholesale  commercial  prices  of  nitrate,  ammonia, 
and  organic  nitrogen  of  plant  and  animal  sources  were  approximately  the 
same.  Today,  however,  there  is  a  wide  variation  in  the  cost  of  the  various 
forms  of  nitrogen,  and  the  amounts  of  each  used  in  mixed  fertilizers  has  an 
important  influence  on  the  cost  of  commercial  mixed  fertilizers.  The  forms 
of  nitrogen  incorporated  in  mixed  fertilizers  in  recent  years  are  shown  in 
Table  118.  Experimental  data  which  have  already  been  discussed  show  that 
these  three  forms  of  nitrogen  will  produce  similar  crop  yields  provided 
the  acid-forming  nitrogen  carriers  are  supplemented  with  sufficient  lime  to 
correct  the  acidity  resulting  from  their  use. 

In  view  of  the  above  facts  a  considerable  saving  may  be  made  through 
the  purchase  of  mixed  fertilizers  which  contain  the  cheaper  forms  of 
soluble  nitrogen.  This  may  necessitate,  however,  an  adjustment  by  the 
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farmer  in  the  rate  or  method  of  application  to  conform  to  the  character¬ 
istics  of  the  materials  used  to  prevent  loss  of  nitrogen  from  the  soil  before 
it  is  utilized  by  his  crops. 


Table  118 


Forms  of  Nitrogen  Contained  in  Mixed  Fertilizers 
in  Specified  Years 


Ammoniacal , 

Nitrate, 

Organic , 

Amide , 

Year 

Per  Cent 

Per  Cent 

Per  Cent 

Per  Cent 

1880 . 

7.83 

3. 91 

88.26 

.  . 

1885 . 

17.50 

5.00 

77.50 

1890 . 

14.41 

7.63 

77.96 

1895 . 

7.50 

17.92 

74.58 

1900 . 

5.74 

23.44 

70.82 

1905 . 

10.19 

25.00 

64.81 

1910 . 

26.32 

18.42 

55.26 

1915 . 

24.54 

23.15 

49.07 

3.24 

1920 . 

24.55 

29.55 

37.26 

8.64 

1925 . 

38.13 

21.94 

30.94 

8.99 

1930 . 

54.71 

12.77 

24.62 

7.90 

1931 . 

57.44 

11.61 

23.51 

7.44 

1932 . 

56  33 

14.02 

18.33 

11.32 

Reduction  of  Fertilizer  Costs  Through  the  Elimination 
of  Side  Applications 

In  recent  years  it  has  been  advocated  that  advantage  be  taken  of  the 
slow  leaching  and  low  price  of  urea  and  ammoniacal  compounds  and  chat 
they  be  substituted  entirely  for  the  commonly  used  higher  priced  nitrates. 
Such  a  change  in  practice,  in  the  light  of  present  experimental  evidence, 

has  much  to  commend  it. 


Chemical  Tests  for  Availability 

The  availability  to  plants  of  nutrients  in  commercial  fertilizers  varies 
with  the  p  ant  to  which  the  fertilizer  is  applied  and  to  an  even  greater 
extent  with  the  soil  in  which  the  plant  is  grown.  Because  of  this  .  ap¬ 
proaches  the  impossible  for  chemists  to  devise  a  standard  chemical  ce 
which  will  measure  exacdy  the  availability  of  a  fertilizer  for  a  given  J  P' 
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as  standard  by  the  Association  of  Official  Agricultural  Chemists  and  ate  in 

common  use.  , 

The  availability  of  nitrogen  in  commercial  fertilizers  is  expressed 

usually  in  terms  of  that  portion  soluble  in  water  and  that  portion  insoluble 

in  water.  The  water-soluble  portion  is  largely  nitrates  and  ammomacal 

compounds.  The  water-insoluble  portion  is  usually  organic  compounds  of 

plant  or  animal  origin.  As  explained  in  a  previous  chapter,  the  proteid- 

organic  portions  are  subjected  to  tests  of  quality  through  the  use  of  neutral 

or  alkaline  permanganate  solutions. 

Tests  for  available  phosphoric  acid  are,  in  the  case  of  the  super¬ 
phosphates,  the  determination  of  that  portion  soluble  in  water  and  in  a 
neutral  solution  of  ammonium  citrate.  For  basic  slag  the  test  is  for  that 
portion  soluble  in  a  2  per  cent  citric  acid  solution.  For  bone,  the  total 
phosphoric  acid  content  is  determined. 

The  test  for  the  availability  of  the  potash  salts  is  their  solubility  in  water . 

Systems  of  Fertilization 

Many  investigators  have  attempted  so  to  standardize  fertilizer  practices 
that  definite  and  specific  systems  of  fertilization  can  be  advocated  for  any 
and  all  conditions.  Most  attempts  of  this  nature  have  been  only  partially 
successful  largely  because  of  the  great  variation  in  conditions  presented, 
but  systems  such  as  those  proposed  by  Wagner,  Ville,  Hopkins,  and  others 
are  worthy  of  consideration  by  the  fertilizer  student. 

The  Wagner  System 

The  Wagner  system  is  named  after  the  German  scientist,  Wagner, 
who  suggested  it.  He  urged  that  as  phosphoric  acid  and  potash  are  readily 
fixed  in  the  soil,  and  therefore  not  subject  to  easy  leaching,  these  nutrients 
be  added  in  sufficient  amounts  to  meet  the  maximum  needs  of  any  crop 
grown.  Also,  that  nitrogen  be  applied  in  an  active  form,  but  that  care  be 
exercised  to  apply  nitrogen  in  such  amounts  and  at  such  times  as  to  insure 
a  minimum  loss  of  the  element  through  leaching  and  a  maximum  growth 
of  the  crop. 

The  Ville  System 

The  Ville  system  has  received  more  popular  recognition  than  the 
Wagner  system.  It  was  first  advocated  by  the  French  scientist,  George 
Ville  (1909)  about  1876.  He  maintained  that  artificial  manures  were 
more  remunerative  than  barnyard  manure,  and  that  their  application  was 
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the  only  way  to  maintain  the  productivity  of  the  soil.  His  system  is  based 
upon  the  assumption  that  field  crops  may  be  divided  into  four  groups 
according  to  their  response  to  the  four  elements,  nitrogen,  phosphorus, 
potassium  and  calcium.  Reference  has  already  been  made  to  a  similar 
but  more  recent  classification  by  Hartwell.  According  to  Ville’s  theory  of 
"dominant  constituents’’  one  group  of  plants  is  supposed  to  be  benefited 
particularly  by  nitrogen,  another  by  phosphoric  acid,  another  by  potash, 
and  still  another  by  lime.  In  other  words,  each  group  is  supposed  to 
demand  one  element  in  excess  of  the  other  three.  According  to  this  system 
phosphoric  acid  is  considered  the  dominant  element  for  corn,  sorghum, 
sugar  cane,  cotton,  and  turnips;  nitrogen  is  considered  dominant  for 
wheat,  oats,  rye,  barley,  beets,  and  most  of  the  pasture  grasses,  as  well  as 
fruit  trees;  potash  is  considered  dominant  for  potatoes,  clover,  and  tobacco, 
and  lime  is  considered  dominant  for  the  legumes.  According  to  the  Ville 
system,  any  complete  fertilizer  to  be  applied  to  a  crop  should  contain  in 
largest  amount  the  nutrient  to  which  the  crop  primarily  responds. 


The  Hopkins  System 

In  the  system  that  was  advocated  by  the  late  Dr.  Cyril  G.  Hopkins, 
of  the  Illinois  Experiment  Station,  and  which  is  sometimes  called  The 
Illinois  System,"  it  was  proposed  that  the  organic  matter  and  nitrogen 
content  of  the  soil  be  maintained  by  turning  under  sufficient  quantities  of 
leguminous  crops  and  plant  residues  where  the  grain  system  of  farming 
is  followed,  and  that  this  practice  be  supplemented  with  animal  manures 
where  the  livestock  system  of  farming  is  followed;  that  phosphoric  acid 
be  applied  in  such  cheap  carriers  as  ground  phosphate  rock  and  that  to 
soils  deficient  in  potash  sufficient  amounts  of  soluble  potash  fern  izer  e 
applied  to  satisfy  the  crop  needs.  The  system  presupposes  that  the  green- 
manuring  crops  that  are  incorporated  in  the  sod  will  be  the  means  of  mak¬ 
ing  available  the  insoluble  phosphate  rock  that  is  added  as  we  as 
native  insoluble  phosphates  and  potashes  that  are  present  m  most  soils. 
Attention  -  given  also  to  the  liming  of  the  soil.  This  system  has  been  the 
means  of  securing  excellent  results  in  the  building  up  and  the  maintaining 
TZ  fertility  of  the  soil,  both  in  experiment  star, on  tests  and  m  genera, 

farm  practice  in  the  state  of  Illinois. 

Fertilizing  System  Based  on  the  Composition  of  Plant  Ash 

For  many  years  younger  chemists 
that  the  ideal  system  of  fertilization  would  be  based  upon  P 
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Table  119 


Nutrient  Content 

of  Some  Field  and 

Horticultural 

Crops 

Crop 

Yield 

Part  of  Crop 

N 

(lbs.) 

P2O5 

(lbs.) 

K2O 

(lbs.) 

Totals 

Cotton 

500  lbs. 

lint  1 

14 

70 

1,000  lbs. 

seed/ 

38 

18 

1,500  lbs. 

burrs,  leaves,  stalks 

27 

7 

36 

70 

'  Total 

65 

25 

50 

140 

Tobacco 

1,500  lbs. 

leaves 

55 

10 

80 

145 

stalks 

25 

10 

35 

70 

Total 

80 

20 

115 

215 

Corn 

60  bu. 

grain 

57 

23 

15 

95 

2  tons 

stover 

38 

12 

55 

105 

Total 

95 

35 

70 

200 

Wheat 

30  bu. 

grain 

35 

16 

9 

60 

1.25  tons 

straw 

15 

4 

21 

40  • 

Total 

50 

20 

30 

100 

Oats 

50  bu. 

grain 

35 

15 

10 

60 

1.25  tons 

straw 

15 

5 

35 

55 

Total 

50 

20 

45 

115 

Barley 

40  bu. 

grain 

35 

15 

10 

60 

1  ton 

straw 

15 

5 

30 

50 

Total 

50 

20 

40 

110 

Potatoes 

300  bu. 

tubers 

65 

25 

115 

205 

tops 

60 

10 

55 

125 

Total 

125 

35 

170 

330 

Sweet  potatoes 

300  bu. 

roots 

45 

15 

75 

135 

vines 

30 

5 

40 

75 

Sugar  beets 

Total 

75 

20 

115 

210 

15  tons 

roots 

55 

22 

53 

130 

tops 

60 

23 

92 

175 

Tomatoes 

Total 

115 

45 

145 

305 

10  tons 

fruit 

60 

20 

80 

160 

.  • 

vines 

40 

15 

95 

150 

Cabbage 

Celery 

Spinach 

15  tons 

350  crates 

9  tons  or 
1,000  bu. 

Total 

all 

all 

all 

100 

100 

80 

90 

35 

25 

65 

30 

175 

100 

235 

45 

310 

225 

380 

165 
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Table  119 — ( Continued) 


Crop  Yield  Part  oj  Crop 


Apples 


Peaches 


Grapes 


Oranges 


Soy  beans 


Peanuts 


Pea  beans 


Alfalfa 
Sweet  clover 
Red  clover 
Lespedeza 
Cow  peas 
Timothy 


400  bu. 


500  bu. 


fruit 

leaves,  wood 

Total 

fruit 

leaves,  wood 


Total 

4  tons  fruit 

leaves,  canes 

Total 

600  boxes  fruit 

leaves,  wood 


Total 

25  bu.  grain 

1.25  tons'  straw 

Total 

1  ton  nuts 

3  tons  vines 

Total 

30  bu.  grain 

straw 


Total 

3  tons  all 

5  tons  all 

2  tons  all 

3  tons  all 

2  tons  all 

1.5  tons  all 


N 

P2O5 

KzO 

Totals 

(lbs.) 

(lbs.) 

(lbs.) 

20 

7 

30 

57 

10 

3 

5 

18 

30 

10 

35 

75 

30 

15 

55 

100 

55 

10 

45 

110 

85 

25 

100 

210 

10 

6 

20 

36 

15 

4 

15 

34 

25 

10 

35 

70 

65 

23 

105 

193 

25 

7 

25 

57 

90 

30 

130 

250 

110 

35 

40 

185 

15 

5 

20 

40 

125 

40 

60 

225 

60 

10 

10 

80 

25 

•  5 

40 

70 

85 

15 

50 

150 

73 

23 

24 

120 

22 

7 

31 

60 

95 

30 

55 

180 

140 

35 

135 

310 

185 

45 

165 

395 

80 

20 

70 

170 

130 

30 

70 

230 

125 

25 

90 

240 

40 

15 

45 

100 

Svstems  of  this  type  have  been  advocated  from  time  to  time.  Probably  the 

idea  has  arisen  from  a  belief  that  the  quantity  of  plant  nutrients  to  b 
!dea  has  of  ferti,iz<.rs  should  be  as  great  as  that 

applied  to  t  e  Th  acc0rdin2  to  such  a  system,  the 

removed  from  the  soil  by  the  comp  Je  fertilizer 

nitrogen,  phosphoric  aci  ,  P  ;n  t(re  same  amount  and 

» » >*  *■»“ ,  “  “3  tsfjjsrs.  *• 
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effects  of  previous  fertilization.  Furthermore,  plants  vary  widely  in  their 
composition,  and  plant  composition  is  not  a  true  index  of  nutrient  absorp¬ 
tion.  The  ash  constituents  of  plants  are  influenced  greatly  by  the  amounts 
of  the  available  constituents  in  the  soil.  Pember  (1917)  found  that,  if 
phosphorus  was  supplied  in  excess,  barley  plants  would  absorb  about  three 
times  the  quantity  of  phosphorus  required  for  optimum  growth.  Also,  an 
increase  in  the  water  supply,  within  given  limits,  nearly  always  brings 
about  an  increased  absorption  of  the  ash  constituents,  although  this  is  not 
true  for  nitrogen.  Grain  grown  on  irrigated  soils  has  a  higher  mineral 
content  and  a  lower  protein  content  than  grain  grown  without  irrigation. 
The  percentage  of  nitrogen  in  a  crop  usually  decreases  as  the  yield  increases 
owing  both  to  a  natural  development  whereby  a  greater  relative  accumula¬ 
tion  of  carbohydrate  material  takes  place  in  the  plant  as  well  as  to  the  fact 
that  the  supply  of  available  nitrogen  in  the  soil  is  smaller  than  could  be 
assimilated  by  the  crops.  Vandecaveye  (1940)  made  a  very  exhaustive 
study  of  all  reported  work  on  the  influence  of  fertilization  on  the  mineral 
content  of  crops.  He  found  that  with  one  exception  29  studies  showed 
that  application  of  phosphate  fertilizers  affected  and  increased  phosphorus 
content  of  herbage. 

In  Table  119  is  given,  according  to  Romaine  (1940),  the  number  of 
pounds  of  nitrogen,  phosphorus,  and  potassium  found  in  common  yields 
of  some  field  and  horticultural  crops. 

Table  120 


Variation  in  Mineral  Content  of  Wheat  Grain 


Ash  Element 

Pounds  per  Ton  of 

Dried  Material 

Per  Cent 
Variation 

Minimum 

Maximum 

Magnesium . 

2.88 

6.74 

4.26 

8.84 

0.86 

2.26 

1.46 

3.06 

8.06 

5.16 

11.22 

1.14 

3.14 

2.24 

15 

16 

17 

21 

24 

28 

34 

Phosphorus . 

Sulfur  . 

Potassium . 

Calcium . 

Sodium  .... 

Chlorine .  . 

Leclerc  and  Breazeale  (1908)  showed  that  plants  exude  salts  from  the 
surface  of  their  leaves  and  rain  and  dew  may  wash  them  back  to  the  soil. 
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Forbes,  Beegle  and  Mensching  (1913)  analyzed  a  number  of  wheat 
plants  which  were  selected  from  fertilizer  test  plats  of  the  Ohio  Experiment 
Station.  They  found  a  variation  of  15  to  34  per  cent  in  the  content  of  some 
ash  constituents.  Their  results  are  given  in  Table  120.  It  is  well  to  recall 
that  probably  not  over  10  per  cent  of  the  ash  elements  in  a  plant  may  be 
considered  a  part  of  the  permanent  plant  tissue.  About  90  per  cent  is 
found  in  the  cell  vacuoles. 


Cash  Crop  System  of  Fertilization 

The  cash  crop  system  of  fertilization  is  used  to  a  greater  extent  than 
any  other  system,  particularly  in  the  older  agricultural  sections  where 
fertilizers  have  been  used  for  a  long  time.  This  system  proposes  that  the 
fertilizer  be  applied  in  such  liberal  amounts  to  the  money  crop  of  the 
rotation  as  to  assure  maximum  yield,  and  that  the  residue  be  utilized  by 
the  succeeding  crops  which  are  usually  grown  to  be  fed  on  the  farm.  This 
is  a  common  method  employed  in  the  South.  The  extent  to  which  this 
system  is  employed  is  indicated  by  the  estimation  that  about  20  per  cent 
of  all  the  fertilizer  used  in  the  United  States  is  applied  to  cotton.  The  chief 
objection  to  this  system  is  that  succeeding  crops  may  not  receive  sufficient 
nutrients  for  their  needs,  and  that  large  amounts  of  soluble  nutrients  may 
be  leached  from  the  soil  before  a  succeeding  crop  has  a  chance  to  utilize  it. 
If  the  crops  following  the  cash  crops  do  not,  or  cannot,  utilize  the  fertilizer 
residue,  such  a  system  becomes  uneconomical. 


Availability  of  Commercial  Fertilizer  Salts 

The  availability  of  fertilizer  salts  may  be  influenced  by  many  factors, 
but  it  is  probably  determined  largely  by  the  solubility  of  the  salts  in  ques- 
cion,  and  the  strength  of  the  ions  formed  in  the  soil  from  the  tomzanon  of 
the  salts.  In  Table  121  is  given  the  solubility  of  some  of  the  common  > 

used  fertilizer  salts.  •  ,  „ 

It  has  long  been  recognized  that  soluble  salts  do  not  normally  move 

into  a  plant  merely  in  relation  to  the  water  absorbed.  On  the  other  han 
absorption  of  nutrients  by  plants  should  not  be  thought  of  amply  " 
passing  of  a  substance  through  a  membrane  according 
faws  of  mass  action  and  equilibrium  but  rather  as  a  complex  phenomenon 
,  •  ,  •  eiis  are  involved.  As  a  matter  of  fact,  a  greater  proport 

,  Rrpa7eale  (1923)  considers  absorption  an  electr 

rzfrzzzu — « .» -  * — 
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ions  carrying  charges  which  satisfy  opposite  charged  colloids  within  the 
plant. 


Table  121 

Solubility  in  Water  of  Some  Commonly  Used  Fertilizer  Salts 


Substance 

Formula 

Solubility  in 
100  Parts 
at  0°  C. 

Ammonium  chloride  . .  . 

NH4C1 

29.4 

Ammonium  nitrate . 

nh4no3 

118.0 

Ammonium  sulfate . 

Calrium  carbonate  . 

(NH4)2S04 

CaC03 

71.0 

0.0013 

Calcium  nitrate . 

Ca(N03)a 

93.1 

Calcium  sulfate . 

CaS04.2H,0 

0.223 

Diammonium  phosphate . 

(nh4)2hpo4 

Ca2Hs(P04)*.2H20 

MnS04.7H,0 

62.8* 

Dicalcium  phosphate . 

0.028 

Manganese  sulfate . 

76.9 

Magnesium  carbonate.  .  .  . 

MgCOa 

nh4h2po4 

CaH4(P04)2.H20 

KC1 

0.0106 

Monoammonium  phosphate . 

Monocalcium  phosphate . 

199 

4. Of 

34. Of 

13.3 

11. Ilf 

87. 7f 
0.0013 

Potassium  chloride . 

Potassium  nitrate . 

KNO3 

Potassium  sulfate . 

k.so4 

Sodium  nitrate . 

NaNOs 

Tricalcium  phosphate . 

Caa(P04)2 

*  10°  C. 
1 13°  C. 
t  20°  C. 


The  order  of  absorption  of  ash  constituents  for  certain  plants  appears 
to  be  the  same  as  that  found  in  the  electromotive  series.  Apparently  many 
plants  selectively  absorb  the  stronger  ions.  Thus,  the  ash  of  nearly  all 
grains  which  are  grown  on  fertile  soils  show  a  higher  percentage  of  potash 
than  any  other  nutrient.  Cooper  (1930)  has  shown  that  samples  of  pasture 
grasses  grown  on  productive  soils  contained  relatively  large  amounts  of 
the  elements  which  form  strong  ions,  while  the  grasses  taken  from  unpro¬ 
ductive  soils  contained  a  relatively  low  ash  content  and  were  very  high  in 
elements  which  form  weak  ions.  The  electromotive  series  for  the  principal 
cations  and  anions  with  which  plants  are  largely  concerned,  as  shown  by 

Cooper  (1930),  is  given  in  Table  122.  The  ions  are  arranged  in  order  of 
strength  from  top  to  bottom  of  the  table. 

It  appears  that  plants  that  are  capable  of  tolerating  a  low  intensity  and 
qua  lty  o  light  are  generally  capable  of  utilization  of  large  amounts  of 


mm 
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1G.  137.  Diagnosing  the  nutrient  status  ot^corn  Dy  «sr.ng  £ 

es.  The  box  on  the  groun  is  t '  compartments  are  handy 

,d  is  a  convenient  outdoor  work  table.  The  comp^  Scarseth, 

arrying  the  clean  and  used  vials,  (four  «y,  Dr-  «  fe 
Mack  Drake,  and  Better  Crops  with  Plant  hood.) 
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weak  electrolytes  such  as  compounds  of  silicon  and  iron,  and  may  contain 

a  relatively  high  percentage  of  these  elements. 

Hoagland  (1917)  concluded  that  alkalinity  is  decidedly  more  harmlu 
to  plants  than  acidity.  Apparently  hydrogen  is  necessary  in  the  colloidal 
complex  of  the  soil,  or  at  least  helpful  in  maintaining  the  mobility  of  other 
cations.  Gregory  (1928)  studied  mathematically  the  general  effect  of 

Table  122 


Standard  Electrode  Potentials  of  Materials  Commonly  Found  in  Soils 


Cations  (+)  Ion 

Charge 

E.M.F. 
in  Volts 

Anions  (  — )  Ion 

Charge 

E.M.F. 
in  Volts 

K+ 

Na  + 

Ca  +  + 
Mg+  + 
A1  +  +  + 
Mn  +  + 
Zn+  + 

Fe  +  + 

H  + 

Cu  +  + 

—  2.922 

Fluorine . 

F- 

+  1.960 

-2.712 

Sulfate . .  . 

S04-- 

+  1.900 

-2.500 

Phosphate . 

H2PO4- 

+  1  .700* 

-1.500 

Nitrate . 

N03- 

+  1.690* 

Aluminum 

-1.300 

Chlorine . 

Cl- 

+  1.350 

Manganese 

—  1.100 

Bromine . 

B- 

+  1.080 

7.inc 

-0.760 

Iodine . 

I- 

+0.550 

Iron . 

-0  430 

Hydroxyl . 

OH- 

+0.410 

Hydrogen . 

Copper . 

0.000 

+0.170 

*  Discharge  potential  of  acid. 


cations  and  anions  on  plant  growth  and  concluded  that  the  cations  have  a 
far  greater  effect  than  anions  on  growth  processes.  As  absorption  of  plant 
nutrients  from  the  soil  takes  place  in  the  molecular  form,  it  seems  un¬ 
reasonable  to  believe  that  cations  are  superior  to  anions  or  vice  versa. 

Biological  Tests  for  Determining  the  Fertilizer  Needs 
of  Soils  and  Crops 

Among  the  methods  of  biological  examination  of  the  soil  and  of 
chemical  examination  of  the  plant  that  have  been  developed  recently  in  an 
attempt  to  determine  the  fertilizer  needs  of  soils  and  crops  four  have  been 
outstanding:  the  Neubauer,  the  Azotobacter,  the  Hoffer,  and  the  Thorn¬ 
ton  tests. 

The  Neubauer  test,  developed  by  Neubauer  and  Schneider  (1923), 
has  been  applied  most  intensively  in  European  countries.  It  consists  in 
growing  rye  seedlings  for  a  period  of  18  days  on  the  sample  of  soil  to  be 
tested,  and  under  standard  greenhouse  conditions.  The  plants  are  then 
analyzed,  the  nutrients  removed  from  the  soil  during  the  test  period  are 
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Table  123 


Evaluation  of  Azotobacter  Plaque  Test  by  Various  Workers 


Worker 

Year 

Source  of  Soils 

Winogradsky . 

Niklas,  Scharrer,  and 

L925-27 

France 

Strobel . 

1926 

Germany 

Ziemiecka . 

1929-32 

Poland  and  Rotham- 
sted 

Guittonneau . 

1929 

France 

Walker  and  Sullivan.  . 

1929 

Iowa 

Itano  and  Arakama.  . 

1930 

Japan 

Kryuchkova . 

1930 

Russia 

Sackett  and  Stewart. . . 
Stewart,  Sackett,  Rob- 

1931 

Colorado 

inson  and  Kozer .  .  . 

1932 

Colorado 

Dahlberg  and  Brown. 

1932 

Colorado,  Wyoming, 
Montana,  Nebraska 

Jones . 

1932 

Ontario 

Pittman  and  Burnham 

1932 

Utah 

1932 

Germany 

Greene . 

1932 

Arizona 

Young . 

1933 

Utah,  Colorado,  Iowa 

Investigators’  Appraisal 


Devised  soil  plaque  technique 

Recommended  test*  application 
to  phosphate  testing  not 
emphasized 

Reported  test  successful 

Test  confirmed  by  field  tests  and 
chemical  methods 
Test  gave  encouraging  results 
Test  not  applicable  to  rice  fields 
Reported  method  successful 
Recommended  test  highly 

Reported  Azotobacter  test  su¬ 
perior  to  Neubauer  and  Hofifer 
cornstalk  methods 
Test  gave  satisfactory  results 

Test  gave  reasonably  good  cor¬ 
relation  with  crop  returns; 
minimum  phosphate  require¬ 
ments  for  Azotobacter  higher 
than  for  growing  plants 
Found  test  not  reliable  for  soils 
tested;  Azotobacter  more  re¬ 
sponsive  to  phosphate  tban 
most  crops 

Satisfactory  results  obtained 
Correlation  with  field  conditions 
in  only  12%  of  cases 
Test  of  little  value  for  deter¬ 
mining  phosphate  deficiencies 


in  Iowa  soils 


Joshi  and  Ayyar. 


Fuller. 


1934 


1934 

1935 


India 


Massachusetts 


Considered  minimum  phosphate 
requirements  of  Azotobacter 
higher  than  that  of  crops 
Test  indicated  all  soils  tested 
were  phosphate-deficient  in 
spite  of  fact  that  all  produced 
good  crops 
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determined,  and  the  results  used  as  an  indicator  of  the  fertilizer  needs  of 
the  soil.  In  general  the  Neubauer  test  gives  results  comparable  to  pot  and 
field  tests,  especially  with  clay  soils,  and  has  proved  of  some  practical 
value.  Also,  a  reasonable  agreement  between  the  Neubauer  test  and  rapid 
chemical  methods  of  determining  availability  ol  phosphorus  has  been 
found  by  Mooers  (1938).  McGeorge  (1944)  came  to  the  conclusion  that 
while  some  modifications  of  the  Neubauer  tests  should  be  made,  the 
availability  measured  with  rye  seedlings  is  applicable  to  many  other  crops. 

Sackett  (1930),  of  the  Colorado  Experiment  Station,  developed  a 
bacteriological  method  for  determining  soil  deficiencies  that  appears  to 
some  extent  to  be  comparable  with  the  Neubauer  method.  The  method, 
first  suggested  by  Christensen  in  Denmark,  consists  of  the  addition  of 
various  fertilizers  to  a  weighed  amount  of  soil  to  be  tested  and,  after 
inoculation  with  Azotobacter,  the  determination  of  the  relative  develop¬ 
ment  of  colonies  as  compared  with  the  checks.  The  cultures  showing  the 
greatest  bacterial  development  indicate  the  best  fertilization.  Results  can 
be  secured  by  this  method  in  72  hours.  Halversen  and  Hoge  (1942)  sum¬ 
marized  the  appraisals  of  17  investigators  who  have  tested  the  Azoto¬ 
bacter  plaque  test.  Their  compilation  is  given  in  Table  123.  Similar  tests 
in  which  Aspergillus  niger,  Cunninghamella  and  other  molds  are  used  instead 
of  Azotobacter  yield  similar  results.  Halversen  and  Hoge  (1942)  found  also 
that  in  Idaho  the  Azotobacter  growth  indicated  much  greater  response  to 
phosphate  than  did  field  crops.  Mooers  (1938)  found  a  general  agreement 
between  the  Neubauer  and  the  fungus  methods  when  a  large  number  of 
soils  were  tested  by  both  methods,  yet  there  were  frequent  and  wide 
disagreements  in  individual  samples.  Mehlich,  Fred,  and  Truog  (1938) 
prefer  the  use  of  the  Cunninghamella  species  because  of  its  quick  response 
to  the  supply  of  available  phosphates. 

Working  with  six  Ohio  soils,  Olsen  and  Shaw  (1943)  found  on  com¬ 
parison  that  the  Mitscherlich,  Neubauer,  and  chemical  methods  for 
determining  available  potassium  placed  all  soils  in  the  same  order. 

Plant  Tissue  Tests  for  Determining  the  Fertilizer  Needs 

of  Plants 

The  employment  of  chemical  analysis  of  plant  tissue  as  a  guide  in 

ertilizer  practice  has  now  reached  a  stage  that  would  have  been  unpre- 
dictable  a  few  years  ago.  r 

In  the  earlier  days  many  agronomists  came  to  the  conclusion  that  the 
composition  of  plants  is  not  a  good  index  of  a  given  soil's  need  for  a 
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particular  fertilizer  as  indicated  by  field  trials.  Early  investigations  on  the 
analysis  of  plants  conducted  for  the  purpose  of  determining  the  require¬ 
ments  of  a  given  soil  for  specific  nutrient  elements  were  based  on  the 
storage  of  salts  in  the  mature  plant  or  plant  part.  A  number  of  reasons  are 
now  known  why  such  procedures  are  unsatisfactory. 

Today  emphasis  is  placed  upon  the  internal  concentration  of  nutrients 
in  the  leaf  and  especially  upon  the  changes  in  levels  during  different  stages 
of  the  growth  cycle.  As  a  result  much  headway  has  been  and  is  being  made. 

Boynton  and  Compton  (1945),  working  at  Cornell  with  fruit  trees, 
concluded  that  the  chemical  analysis  of  leaves  cannot  as  yet  take  the  place 
of  careful  observation  of  plant  behavior  and  appearance,  of  the  develop¬ 
ment  of  visible  leaf  or  fruit  symptons,  and  of  past  climatic  and  manage¬ 
ment  conditions,  but  that  when  coupled  with  such  observations  the 
chemical  analysis  of  leaves  makes  diagnosis  possible  which  neither  alone 

would  have  permitted. 

The  iron  content  does  not  vary  greatly  in  the  green  parts  of  plants  and 
the  same  can  be  said  of  the  major  essential  elements.  A  tenfold  variation 
of  the  major  elements  is  rare  but  in  the  case  of  manganese  and  silicon  or, 
better,  aluminum  and  selenium  and  other  nonessential  elements  there 
may  be  variations  of  a  thousandfold  or  even  a  hundred-thousandfold.. 

Whereas  the  quick  soil  tests  tend  to  indicate  something  concerning 
the  storage  of  readily  available  nutrients,  most  of  the  quick  plant  tissue 
chemical  tests  now  commonly  employed  appeat  to  be  useful  in  deter- 
mining  the  nutrient  deficiencies  of  plants.  These  methods  do  not  indicate 
the  quantity  of  elements  that  have  been  built  into  tissue  pans  but  only  the 
quantities  of  nutrients  in  the  cell  sap.  The  quick  plant  t.ssue  chemical  tests 
have  many  limitations  that  should  be  considered  in  evaluating  their  results 
hut  thev  are  helpful  in  obtaining  information  as  to  the  state  of  soil  ferti  1  y. 
The  use  of  simple  quantitative  chemical  tests  for  determining  the 

presence  of 

carry  reserves  of  these  nutrients  in  their  tissues.  tissue 

some  rather  promising  the  fndLa  Experi- 

for  soil  nutrient  deficienc  Scarseth  (1943);  in  more  recent 

Station  by  Hoffer,  Thornton,  and  Scarse  9  -  b 
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Plant  Tissue  Tests  for  Determining  the  Fertilizer  Needs  of  Plants 

surface  of  this  tissue.  The  development  of  a  dark  blue  color  indicates  that 
the  plant  is  securing  a  sufficient  supply  of  nitrogen,  whereas  a  yellowish- 
green  color  is  associated  with  a  deficient  supply.  The  nodal  tissue  ,  is 
tested  for  the  presence  of  iron  by  applying  a  few  drops  of  a  10  per  cent 
aqueous  solution  of  potassium  thiocyanate  and  then  a  drop  or  two  of 
dilute  hydrochloric  acid.  A  red  color  indicates  the  presence  ot  iron,  and  the 
presence  of  iron  is  supposed  to  be  indicative  of  a  deficiency  of  potassium 
for  in  the  absence  of  potassium,  iron  is  made  insoluble  by  excessive 
oxidation  and  accumulates  in  the  plant.  This  may  result  from  the  plant’s 
demand  for  a  stronger  cation.  If  these  tests  reveal  that  neither  nitrogen  nor 
potassium  is  deficient,  and  yet  the  crop  has  made  but  little  growth,  it  is 
assumed  that  an  available  supply  of  phosphoric  acid  is  lacking.  Willis  and 
Piland  (1934)  have  reported  that  the  accumulation  of  iron  in  nodal  tissue 
may  be  prevented  by  either  the  application  of  potash  salts  or  copper 
sulfate.  Hence  it  seems  that  excessive  iron  absorption  is  not  always  specific 
for  potash  deficiency. 

The  Thornton  test  consists  of  placing  a  small  quantity  of  finely 
chopped  green  plant  tissue  in  a  test  tube  and  then  adding  a  small  amount 
of  a  hydrochloric  acid  solution  of  ammonium  molybdate  and  a  crystal 
of  stannous  chloride,  and  noting  the  resulting  color.  The  intensity  of  the 
color  indicates  the  amount  of  inorganic  phosphorus  extracted  from  the 
plant  tissue.  Plants  that  are  grown  in  soils  deficient  in  phosphorus  show 
little  accumulation  of  inorganic  phosphorus  in  their  tissues.  Yellow  com 
leaves,  deficient  in  phosphorus,  often  show  an  abundance  of  nitrates. 
Apparently  in  this  case  nitrogen  cannot  be  assimilated  without  an  adequate 
supply  of  phosphorus.  Bray  (1945)  also  has  developed  a  plant  tissue  test 
for  nitrates. 

In  the  Purdue  test  now  used  for  potassium  the  finely  divided  tissue  is 
shaken  with  a  solution  of  cobaltnitrate,  and  after  shaking  ethyl  alcohol  is 
added.  Two  minutes  after  adding  the  alcohol  this  test  is  read.  The  amount 
of  potassium  present  is  indicated  by  the  degree  of  turbidity.  Hoffer  (l94l) 
described  in  detail  some  satisfactory  quick  chemical  tests  for  nitrates, 
phosphates  and  potash  in  plant  tissue. 

Other  similar  chemical  plant  tests  have  been  proposed  by  various 
investigators  and  some  are  now  being  developed  at  several  experiment 
stations.  The  development  of  chemical  plant  tests  for  the  determination  of 
nutrient  deficiencies  offers  a  promising  field  for  investigation.  Ulrich 
(1943)  pointed  out  that  the  sensitivity  of  plant  tissue  depends  upon  the 
part  of  the  plant  analyzed,  the  particular  fraction  of  the  nutrient  deter- 
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Fig.  138.  When  chemical  tests  are  used  t0D^"tfi™s^str^sTndiecatidn  Tesfs  for 
oms  in  the  field,  they  are  ma  e  on  t  e^°rn  ieaves  iron  accumulations  in  the 
potash  are  made  in  the  tissues  in  the  baf  ^ates  are  made  on  the 

oint  tissues  also  indicate  potas  i  starv  .  ^  ho sphates  Gn  stalk  tissues  just 
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mined  (e.g.,  nitrate  or  organic  nitrogen,  inorganic  or  organic  phosphorus), 
and  the  position  on  the  plant  from  which  the  sample  is  selecte  . 

Rapid  Chemical  Tests  Used  in  Determining  Soil 

Deficiencies 

The  most  popular  methods  now  used  for  determining  the  fertilizer 
needs  of  soils  are  the  recently  developed  rapid  chemical  tests.  When  these 
tests  are  standardized  against  field  results  and  employed  intelligently 
they  do  have  a  diagnostic  value  but  reliability  for  all  crops  on  all  types  of 
soils  cannot  be  claimed  for  any  single  test.  As  Hoagland  and  Arnon  (1941-) 
pointed  out,  no  one  chemical  criterion  can  be  invoked  in  appraising  the 
supplying  power  of  all  soils  for  a  specific  nutrient  element.  As  no  labora¬ 
tory  procedure  can  determine  accurately  the  probable  need  for  nitrogen 
fertilization,  tests  for  ammonia  or  nitrates  are  not  generally  made.  The 
methods  employed  for  determining  nutrient  deficiencies  in  the  main  are 
colorimetric  and  turbidimetric,  soil  extracts  being  used.  The  rapid 
chemical  tests  are  usually  used  in  conjunction  with  tests  for  determining 
the  pH  values  of  the  soils  analysed.  Constable  and  Miles  (1941)  have  pub¬ 
lished  an  excellent  paper  on  laboratory  methods  and  equipment  necessary 
to  make  he  rapid  chemical  tests. 

Much  can  be  said  in  favor  of  the  rapid  chemical  tests.  In  the  hands  of 
well-trained  and  experienced  workers  these  tests  have  proved  a  valuable 
aid  to  better  fertilizer  recommendations.  A  testing  service  free  to  farmers 
is  now  maintained  by  many  government  agricultural  organizations  and  by 
commercial  agencies.  As  a  general  rule  our  state  departments  of  agricul¬ 
ture,  experiment  stations,  and  extension  services  are  better  equipped  and 
qualified  to  render  this  service  than  are  commercial  agencies.  In  fact,  this 
service  as  performed  by  certain  commercial  agencies  is  probably  resulting 
in  more  harm  than  good.  Soil  testing  should  be  done  in  a  well-equipped 
laboratory  under  good  guidance,  and  not  in  poorly  equipped  laboratories 
by  novices.  Neither  should  they  be  made  by  persons  having  good  chemical 
training  but  who  have  had  little  experience  in  making  the  tests.  The 
individual  who  interprets  the  rapid  chemical  tests  should  not  only  know 
the  chemistry  involved,  and  the  characteristics  of  the  soil  under  considera¬ 
tion,  but  he  should  understand  plant  physiology  and  plant  disease 
symptoms,  and  should  have  the  results  of  hundreds  of  tests  at  his  disposal. 

Thomas  (1936)  found  that  the  agricultural  experiment  stations  in  40 
states  in  this  country  make  determinations  of  pH  values  on  soil  samples 
sent  in  by  farmers.  For  these  determinations  10  states  used  some  form  of 
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Fig  139  In  the  author’s  laboratory  at  Clemson  College  hundreds  of  samples  of 
,uti  Carolina  soils  ate  tested  every  month  for  their  available  phosphoric  acid  cou¬ 
nt.  (Courtesy,  U.S.  Soil  Conservation  Service.) 


electric  potentiometer  while  others  used  one  or  more  of  the  commercial 
pH  tests,  such  as  the  Truog-Hellige,  La  Motte.  La  Motte-Morgap,  and 
Soiltex  which  are  modifications  of  the  methods  developed  by  Truog  and 
Morga’n  Thirtysix  states  used  one  or  more  methods  for  determining  the 
available  phosphorus  content  in  the  soil.  The  Bray,  Truog,  an  org 
methods  were  the  tests  most  commonly  used  for  determining  the  quantity 
oftXble  phosphorus,  alrhough  the  Spurway  and  Thornton  tests  wet 
used  by  some  states.  Thomas  (1936)  also  found  that  soil  samples  sent  y 
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estimating  the  replaceable  potash  in  a  given  soil  it  should  not :  be  over¬ 
looked  that  as  the  replaceable  potash  diminishes  the  mote  difficult  be¬ 
comes  its  availability  to  the  plant,  and  that  plants  can  secure  more  potas¬ 
sium  from  the  soil  than  is  contained  in  the  soil  complex. 


Table  124 


Rapid  Methods  of  Soil  Testing  Developed  in  Different  Parts  of  the  World 


Author 

Year  and  Place 
Originated 

Extracting  Reagent 

Remarks 

Daubeny . . . . t .  . 

1845,  England 

Carbonic  acid 

Potassium  and  phos¬ 
phorus  both  are  con¬ 
sidered 

Von  Liebig . 

1872,  Germany 

Dilute  hydrochloric  or 
acetic  acid 

Lechartier . 

1884,  France 

2%  ammonium  oxalate 

For  phosphorus  only 

Dyer 

1894,  England 

1%  citric  acid 

Soils  with  less  than 
0.01%  soluble  phos¬ 
phoric  acid  (P2O5) 
probably  need  phos- 
phatic  fertilization 

Assn.  Official  Agri- 

cultural  Chemists.  . . 

1907,  United 
States 

0.2  normal  hydro¬ 
chloric  acid 

For  phosphorus  only 

Neubauer  and  Schnei- 

der . 

1923,  Germany 

Analysis  of  seedlings 
grown  in  soil 

A  single  test  may  be 
for  either  phos¬ 
phorus  or  potassium 

Mitscherlich . 

1924,  Germany 

Test  plants  are  grown 
in  pots 

Das . 

1926,  India 

Alkaline  carbonate  so¬ 
lutions 

For  calcareous  soils  po¬ 
tassium  and  sodium 
carbonates  better 
than  ammonium  car¬ 
bonate 

Hoffer . 

1926,  Indiana 

Various  reagents  used 
on  cornstalks  indi¬ 
cate  deficiencies  of 
nitrogen,  phos¬ 
phorus,  and  potas¬ 
sium 

Oden.  . .  . 

1927,  Sweden 

Electrodialysis 

Murphy . 

19^4,  Oklahoma 

Conventional  base  ex- 

- ; - - - 

change  procedure 

Anderson  and  Noble  (1937 )  and  Moser  (1939)  have  shown  considerable 
variation  in  the  results  secured  from  different  methods  when  used  on  the 
same  soil.  An  excellent  discussion  of  the  value  of  commonly  used  methods 
is  that  by  Peech  and  English  (1944).  In  Tables  124  and  125,  prepared  by 
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Table  125 

Rapid  Chemical  Tests  for  Phosphorus  and  Potassium  in  Soils,  Commonly  Used 

in  the  United  States 


Author 

Agricultural 
Experiment 
Station  Where 
Originated 

Extracting  Reagent 

Method  of  Estimating 
Element 

Phosphorus  Tests 

% 

Morgan. . . . 

Connecticut 

Sodium  acetate  -f  acetic 
acid;  5  normal,  pH  4.8 

Sodium  molybdate  -f  stan¬ 
nous  oxalate 

Spurway .  .  . 

Michigan 

Dilute  acetic  acid;  about 
pH  3.2 

Ammonium  molybdate  + 
tin 

Truog  .... 

Wisconsin 

0.002  normal  sulfuric  acid 

Ammonium  molybdate  -f 

0 

buffered  at  pH  3.0  with 
ammonium  sulfate 

stannous  chloride  with  pre¬ 
cautions  to  eliminate  ef¬ 
fects  of  arsenic  and  silicon 

Bray . 

Illinois 

Ammonium  molybdate  in 
0.1  normal  hydrochloric 
acid  solution 

Add  tin 

Thornton .  . 

Indiana 

Ammonium  molybdate  in 
0.1  normal  hydrochloric 
acid  solution 

Stannous  chloride  or  stan¬ 
nous  oxalate 

Fraps . 

Texas 

0.2  normal  nitric  acid 

Gravimetric  or  volumetric 
molybdate  method 

Fraps . 

Texas 

0.2  normal  nitric  acid 

Colorimetric  molybdate 
method 

Hester . 

Virginia  Truck 

Sodium  acetate  +  acetic 
acid;  0.167  normal  (ace¬ 
tate)  pH  5.0 

Colorimetric  molybdate 
method 

Harper . 

Oklahoma 

0.2  normal  sulfuric  acid 

Hance . 

Hawaiian  Sugar 
Planters  Assn. 

0.5  normal  hydrochloric  acid 

Potassium  Tests 


Morgan. . . . 

Connecticut 

Sodium  acetate  +  acetic 
acid;  5  normal 

Sodium  cobaltinitrite  +  iso¬ 
propyl  alcohol 

Spurway . . . 

Michigan 

Dilute  acetic  acid;  1 : 3 

Sqydium  cobaltinitrite  +  al¬ 
cohol 

Thornton .  . 

Indiana 

Sodium  cobaltinitrite  in  acet- 

Add  alcohol 

ic  acid 

Bray . 

Illinois 

Sodium  acetate  +  nitric  acid 

— 

Limiting  Element  to  Plant  Growth 

Schreiner  and  Anderson  (1938),  are  shown  the  extracting  reagents  used  by 
some  of  the  most  commonly  employed  rapid  chemical  tests. 

Spectroscopic  Analysis  of  Plant  Parts 

In  recent  years,  especially  in  Florida,  spectroscopic  analysis  of  plant 
parts  to  determine  nutrient  deficiencies  have  proved  more  successful  than 

the  commonly  used  rapid  chemical  tests. 

The  analysis  is  made  by  placing  in  a  crater  of  a  carbon  electrode  a 

suitable  quantity  of  the  ash  of  the  plant  part  to  be  analyzed.  It  is  then  arced 
for  a  definite  time  for  an  adequate  exposure  on  a  spectrographic  plate. 
The  exposed  plate  is  then  developed  and  the  characteristic  lines  of  the 
elements  identified  as  to  wave  length  from  a  comparison  with  a  standard 
spectrum.  The  percentage  of  the  elements  present  is  determined  from  a 
comparison  of  the  density  of  the  lines  with  those  of  a  suitable  standard. 
The  measurement  of  the  line  density  is  determined  with  the  aid  of  a 
densitometer,  which  is  a  part  of  the  spectrographic  equipment. 

Limiting  Element  to  Plant  Growth 

In  nearly  every  soil  there  are  one  or  more  essential  elements  of  plant 
growth  that  are  lacking  in  sufficient  available  quantities  to  produce  the 
maximum  yields  possible  under  optimum  environmental  conditions.  The 
element  that  is  lacking  to  the  greatest  extent  is  spoken  of  as  being  in  the 
minimum,  and  this  element  is  often  the  controlling  factor  of  plant  growth. 

Table  126 


Amounts  of  Plant  Food  Elements  Which  Are  Considered  Low,  Medium,  and 
High  as  Compared  with  the  General  Average  of  Pennsylvania  Soils; 
Expressed  as  Pounds  per  Acre  (2  Million) 


PH 

Ca 

Mg 

K 

P0< 

Al 

NOs 

O.M. 

Very  low . 

4.5 

200 

10 

25 

Tr.* 

Tr.* 

Tr.* 

.5 

Low . 

4.5  to 

200  to 

10  to  50 

25  to  50 

0  to  5 

0  to  5 

0  to  25 

.  5  to 

5.5 

1000 

1.5 

Medium . 

5.5  to 

1000  to 

50  to 

50  to 

5  to  15 

5  to  10 

25  to  75 

1 . 5  to 

6.5 

1500 

100 

150 

2.5 

High . 

6.5  to 

1500  to 

100  to 

150  to 

15  to  50 

10  to  25 

75  to 

2 . 5  to 

7.5 

2000 

200 

250 

'  200 

3.5 

Very  high . 

7.5  to 

2000  to 

200  to 

250  to 

50  to 

25  to  50 

200  to 

3 . 5  to 

8.2 

4000 

400 

400 

150 

600 

6.0 

Abnormal . 

8.2  + 

6000  + 

400  + 

400  + 

150  + 

50  + 

600  + 

6.0+* 

*  Trace. 
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potassium  doublet  at  4044.16  and  4047.22  A. 
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Within  certain  limits  an  increase  or  decrease  in  the  element  in  the  mini¬ 
mum  results  in  an  increase  or  decrease  in  crop  yields. 

The  amounts  of  available  plant  food  which  would  be  considered  low, 
medium,  or  high  might  vary  from  locality  to  locality.  Those  accepted  as 
general  averages  for  Pennsylvania  soils,  according  to  Merkle  (1940),  are 
given  in  Table  126. 

A  deficiency  of  an  element  may  be  brought  about  by  an  excess  of  other 
nutrients  which  may  interfere  with  the  solubility,  absorption,  or  utilization 
of  the  deficient  element.  It  should  be  kept  in  mind  that  the  complete 
absence  of  an  essential  element  from  the  soil  rarely  occurs,  and  that  seeds 
may  contain  sufficient  quantities  of  some  elements  to  supply  for  a  time  the 
needs  of  a  growing  seedling. 

Scope  of  Fertilizer  Studies 

In  the  past  there  has  been  a  tendency  at  some  experiment  stations  to 
narrow  the  problem  of  crop  fertilization  to  the  fertilization  of  an  individual 
crop.  As  all  fertilizers  have  a  direct  or  indirect  influence  upon  the  soil  which 
often  lasts  for  years,  the  fertilization  of  crops  should  be  studied  also  from 
the  standpoint  of  the  rotation  in  which  they  are  grown.  The  object  of  most 
fertilizer  experiments  is  to  determine  the  quantities  of  nutrients  that  should 
be  applied  to  our  crops  under  our  varied  soil  and  climatic  conditions  and  in 
connection  with  our  cultural  practices.  These  factors  vary  so  widely  that  it 
is  probable  that  the  ideal  application  is  seldom  approached  closely.  The 
kinds  of  fertilizer  a  farmer  should  apply,  and  the  most  profitable  amounts 
for  him  to  use,  are  always  somewhat  of  a  guess  although  his  practice  may 
be  based  on  experimental  evidence.  Experiments  must  be  continued, 
however,  and  as  many  factors  as  possible  determined.  Only  in  this  way 
can  a  rational  system  for  the  use  of  fertilizers  be  worked  out. 

Use  of  Stable,  Green  and  Brown  Manures  with  Com¬ 
mercial  Fertilizers 

Experiments  conducted  by  Thorne  (1919)  over  long  periods  of  time 
at  the  Ohio  Experiment  Station  have  shown  that  barnyard  manure  sup¬ 
plemented  with  commercial  fertilizers  gives  better  results  than  manure 
alone.  Similar  results  have  been  secured  over  shorter  periods  of  time  by 
other  experiment  stations.  Truck  growers  and  florists  use  large  quantities 
of  both  barnyard  and  green  or  brown  manures  in  addition  to  large  applica¬ 
tions  of  commercial  fertilizers.  Truck  farmers  usually  produce  their  crops 
on  sandy  soils,  and  they  desire  the  organic  matter  of  manure  for  the  pur- 
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Fig.  141.  Showing  the  value  of  using  complete  fertilizer  in  addition  to  barn¬ 
yard  manure  for  corn,  at  Wooster,  Ohio.  (Left)  8  tons  of  manure  per  acre.  Final 
yield  34  bushels.  (Right)  8  tons  of  manure  and  200  pounds  of  4-12-4  per  acre. 
Final  yield  54.5  bushels.  (Courtesy,  Ohio  Agricultural  Experiment  Station.) 


pose  of  increasing  the  water-holding  capacity  of  their  soils  and  to  protect 
their  crops  against  too  high  a  salt  concentration  during  periods  of  drouth. 
A  rapid  method  for  the  determination  of  the  biologically  active  organic 

matter  of  the  soil  is  much  needed. 

The  practice  of  green-manuring  is  very  old,  having  been  employed 
by  the  early  Greeks  and  Romans.  Many  agricultural  experiment  stations 
have  shown  that  the  incorporation  of  green  manures  in  the  soil,  in  addition 
to  a  complete  fertilizer,  results  in  an  increase  in  the  yields  ol  the  succeeding 
crops.  Most  soils  are  benefited  by  the  addition  of  suitable  organic  matter 
regardless  of  the  quantity  they  contain.  Johnson  (1924),  at  the  Virginia 
Truck  Experiment  Station,  found  that  when  1  ton  of  a  6-4-8  fertilizer 
was  applied,  the  average  yield  of  potatoes  was  155  bushels,  but  when  a 
green  manure  crop  was  turned  under  previous  to  the  addition  of  the 
fertilizer,  the  average  yield  was  raised  to  232  bushels. 


Do  We  Use  the  Correct  Fertilizer  Ratio  in  America? 

In  European  countries  the  general  ratio  of  nitrogen,  phosphoric  acid, 
and  potash  is  about  1.00  part  of  nitrogen,  0.75  part  of  phosphoric  acid 
and  1.00  part  of  potash,  whereas  in  this  country  the  ge"eral  ratio  .s  abou 
1.00  part  of  nitrogen,  2.00  parts  of  phosphoric  acid,  and  1.00  part 
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potash.  There  are  soil  scientists  who  feel  that  we  use  more  phosphoric 
acid  than  is  necessary.  We  have  probably  developed  the  habit  of  using 
excessive  quantities  of  phosphoric  acid  because  phosphoric  acid  can  be 
produced  so  cheaply  in  this  country.  It  is  thought  by  some  soil  scientists 
that  the  future  will  see  a  decrease  in  the  relative  percentage  of  phosphoric 
acid  used  in  American  mixed  goods. 

Value  of  Legumes  and  Crop  Residues  in  Maintaining 

Soil  Fertility 

It  has  often  been  proposed  that  the  fertility  of  the  soil,  as  far  as  nitro¬ 
gen  is  concerned,  should  be  maintained  by  the  turning  under  of  legumi¬ 
nous  green-manuring  crops.  There  is  no  doubt  that  such  a  practice  would 
aid  in  solving  the  so-called  nitrogen  problem,  but  it  cannot  be  considered 
a  general  solution  of  the  entire  problem.  It  is  not  always  profitable  to  turn 
under  a  legume  crop,  either  for  the  nitrogen  or  for  the  organic  matter,  or 
both,  which  it  may  contain.  Where  intensive  farming  is  employed  land 
is  too  valuable  to  be  used  in  the  production  of  the  common  field  crops. 
Furthermore,  there  are  large  areas  in  this  country,  such  as  the  wheat-grow¬ 
ing  areas,  where  rainfall  is  such  a  limiting  factor  that  legumes  cannot  easily 
be  grown,  and  if  grown  and  turned  under  they  would  be  objectionable  in 
that  decay  processes  would  take  place  at  such  a  slow  rate.  Again,  legumes 
in  general  require  for  best  growth  a  soil  that  is  free  of  excessive  acidity,  and 
one  that  is  supplied  with  an'  optimum  of  plant  nutritents,  and  as  many  soils 
are  acid  and  infertile,  lime  and  fertilizers  must  be  added  if  profitable 
leguminous  crops  are  to  be  grown.  This  leads  to  an  additional  expense  that 
would  have  to  be  charged  against  the  leguminous  crop. 

Factors  Determining  the  Crop-Producing  Power  of  the 

Soil 

In  any  system  of  soil  management  there  are  factors  other  than  the 
use  of  fertilizers  that  may  exert  a  major  influence  on  crop  yield.  Soil  mois¬ 
ture  probably  has  a  greater  influence  than  any  other  one  factor.  Droughts 
that  cause  plants  to  suffer  for  water  may  affect  the  availability  of  nutrients 
as  well  as  their  accessibility  to  plant  roots.  The  lime  content  of  the  soil  has 
an  influence,  not  only  because  plants  demand  calcium  as  a  nutrient,  but 
because  of  the  influence  of  lime  on  soil  acidity,  soil  structure,  and  on  the 
microbiological  activities  that  go  on  within  the  soil.  A  very  high  pH  or  a 
very  low  pH  of  the  soil  solution  may  bring  about  the  transfer  of  soil  col¬ 
loids  from  the  surface  soil  to  the  subsoil  and  this  may  result  in  the  produc- 
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tionof  a  hardpan.  Likewise,  organic  matter  and  tillage  do  much  toward 
maintaining  in  the  soil  a  suitable  physical  condition  for  plant  growth  and 
microbiological  activity.  Where,  however,  ideal  conditions  as  to  moisture 
supply,  lime,  organic  matter,  and  good  tillage  are  approached,  a  maximum 
crop  cannot  be  made  unless  the  essential  nutrient  elements  are  present 
in  the  soil  in  sufficient  quantities. 

Fertility  Lost  from  the  Soil  Through  the  Sale  of  Farm 

Animals 

Livestock  farmers  often  overlook  the  fact  that  when  they  sell  their 
animals  from  their  farms  they  are  depleting  the  fertility  of  their  soils.  It 
has  been  estimated  that  by  the  time  a  1000-pound  steer  has  reached  matu¬ 
rity  it  has  taken  from  its  feed  fertility  equivalent  to  100  pounds  of  super- 


F,g  142  The  author  illustrating  how  the  electro-metr.c  determination  of  the 
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phosphate,  150  pounds  of  sodium  nitrate,  and  50  pounds  of  hmestone. 
Animals  do  not  utilize  large  amounts  of  potash.  Most  of  the  potash  that  is 
taken  from  the  soil  by  forage  crops  which  are  consumed  by  hvestoc  •  is 

voided  by  the  animals  that  consume  the  crops. 

A  good  cow  is  expected  to  give  10,000  pounds  of  milk  a  year.  In  t  is 
amount  of  milk  there  are  nitrogen  and  phosphoric  acid  equivalent  to  that 
found  in  200  pounds  of  superphosphate  and  300  pounds  of  ammonium 
sulfate.  It  may  thus  be  seen  that  when  an  animal,  or  animal  products,  are 
sold,  considerable  fertility  is  lost  from  the  farm.  The  use  of  commercial 
fertilizers  must  be  advocated  therefore,  even  under  a  livestock  system  of 
farming,  if  this  loss  is  to  be  counterbalanced. 


Home-Mixing  of  Fertilizers 

As  many  of  the  fertilizer  materials  that  go  into  commercial  mixed 
goods  can  be  purchased  on  the  market  by  anyone,  it  is  often  advantageous 
for  farmers  to  mix  their  own  fertilizers.  Mixtures  made  in  this  manner  are 
commonly  referred  to  as  "home  mixtures.”  Frequently,  home  mixtures 
can  be  made  with  the  regular  labor  of  the  farm  at  a  saving  of  10  to  20  per 
cent.  Andrews  in  1940  was  able  to  secure  26  per  cent  more  fertilizer  for  a 
given  expenditure  when  home-mixing  was  employed.  Home  mixtures 
have  been  shown  by  some  of  the  agricultural  experiment  stations  to  give 
just  as  satisfactory  results  as  similar  mixtures  made  by  manufacturers. 
Manufacturers  often  make  the  claim  that  their  mixtures  are  superior  to 
similar  home-mixed  fertilizers  in  that  their  products  are  more  intimately 
mixed.  It  is  true  that  the  manufacturer,  by  the  use  of  machinery,  can  mix 
his  materials  more  thoroughly  than  the  farmer,  but  this  superiority  does 
not  materially  influence  crop  yields. 

As  a  drier  or  conditioner  the  farmer  may  use  Cyanamid  according  to 
the  directions  already  given  or  he  may  use  such  proteid-organics  as  tank¬ 
age  or  cottonseed  meal.  Most  proteid-organics  in  amounts  of  200  or  300 
pounds  usually  will  give  a  mixture  with  perfect  drilling  condition. 

Some  fertilizer  materials  should  not  be  mixed.  For  example,  basic 
slag  and  ammonium  sulfate,  large  amounts  of  calcium  cyanamide  and 
mixtures  containing  superphosphate.  Calcium  nitrate  should  not  be  added 
to  any  mixture. 

Calcium,  magnesium,  and  sodium  sulfates  have  the  property  of  reduc¬ 
ing  the  free  moisture  in  fertilizer  mixtures  by  combining  it  as  water  of 
crystallization. 

In  comparing  the  cost  of  home-mixed  fertilizers  with  that  of  factory 
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goods  the  farmer  often  overlooks  the  extra  labor,  trouble,  and  time  con¬ 
sumed  on  the  farm  in  the  making  of  home  mixtures.  It  is  probable  that  on 
many  farms  home-mixing  should  not  be  attempted  unless  the  work  can 
be  done  with  the  regular  labor  and  during  periods  when  other  farm  work  is 
not  pressing.  It  should  not  be  overlooked  that  mixing  of  fertilizers  is  not 
always  necessary  and  if  the  single  nutrient  materials  can  be  applied  separately 
with  satisfaction  a  considerable  saving  in  time  and  labor  may  be  made. 

The  farmer  should  keep  in  mind  that  whatever  method  of  obtaining  his 
mixed  goods  is  used,  he  should  strive  to  obtain  the  kind  and  form  of  nutri¬ 
ents  best  suited  to  his  soils  and  crops  at  the  lowest  price  per  unit.  This 
may  mean  that  during  some  years  he  may  find  that  he  should  home-mix, 
whereas  during  other  years  he  should  buy  ready-mixed  goods.  The  present 
economic  condition  of  the  fertilizer  market  indicates  that  the  quantity  of 
synthetic  fertilizers  on  the  market  will  soon  be  such  that  prices  will  be 
reduced  to  a  point  where  home-mixing  will  seldom  be  considered.  In 
most  cases  where  farmers  use  large  quantities  of  fertilizers,  it  is  best  to  get 
bids  from  local  fertilizer  dealers.  Savings  of  amounts  sufficient  to  prohibit 
home-mixing  have  been  made  in  this  way.  In  buying  fertilizers  farmers 
should  take  advantage  of  discounts  for  cash  and  order  in  carload  lots 
when  possible. 


How  to  Mix  Fertilizers 

Although  there  have  been  many  years  when  individual  farmers  have 
found  it  to  be  profitable  to  home-mix  their  fertilizers,  the  practice  has  not 
become  popular  in  this  country.  Farmers  hesitate  to  assume  the  responsi¬ 
bility  of  buying  and  mixing  the  separate  materials.  Many  times  they  have 
had  unsatisfactory  results  in  securing  a  uniform  mixture  of  drillable  quality. 
Probably  the  greatest  argument  that  can  be  put  forth  in  favor  of  home-mix¬ 
ing  of  fertilizer  is  that  it  forces  the  farmer  to  study  fertilizers  and  their 

influence  on  his  crops.  .  .  , 

After  a  farmer  decides  to  buy  the  separate  fertilizer  materials,  he  mus 

secure  quotations  and  information  concerning  their  composition  an 
determine  the  cost  of  freight  and  hauling  from  the  seller  to  his  farm-  From 
this  information  he  must  select  his  carriers  and  calculate  the  quantities 
desired  either  for  the  purpose  of  applying  separately,  or  for  the  purpose 

h": ^materials  have  been  secured,  mixing  may  easily  be  accom¬ 
plished.  All  that  is  needed  is:  (l)  a  coarse  sand  screen;  (2)  a  grinder 
many  cases  a  wooden  maul  will  prove  satisfactory;  (3)  a  tight  floor, 
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(4)  hoes,  preferably  long  handled  mortar  hoes,  a  rake,  and  shovels.  If  the 
material  is  bought  in  bags,  as  is  most  customary,  je.ght  usuaU^t 
given  on  the  bag,  and  scales  for  weighing  are  not  requited.  For  all  practical 
purposes  the  bags  of  fertilizer  may  be  halved  or  quartered  when  necessary. 

The  correct  weights  of  materials  should  be  spread  out  on  the  floor  in 
layers,  the  bulkier  materials  being  put  near  or  at  the  bottom.  The  materia  s 
should  then  be  shoveled  over,  leveled  and  shoveled  again  a  sufficient  num¬ 
ber  of  times  to  insure  thorough  mixing.  If  the  mixture  is  made  from  very 
high-analysis  materials,  it  may  be  of  such  a  salt  concentration  that  a  poor 
physical  condition  may  result  or  when  applied  to  the  soil  it  may  injure  seed 
germination  or  seedlings.  This  danger  can  be  reduced  if  some  dry  filler 
is  added  to  the  mixture.  Sand,  soil,  sawdust,  or  dolomitic  limestone  will 
serve  the  purpose  admirably. 

Table  127  gives  the  amounts  of  fertilizer  of  a  given  composition  re¬ 
quired  to  furnish  a  given  percentage  of  plant  nutrient  in  a  ton  of  mixed 
goods. 

Table  127 

Table  for  Computing  Fertilizer  Formulas  from  Materials 
of  Known  Composition 


Percentage  of 
Plant  Food 
Desired 

Per  Cent  Composition  of  Material 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

48 

50 

1 

333 

250 

200 

166 

143 

125 

111 

100 

90 

83 

41 

40 

2 

666 

500 

400 

333 

286 

250 

222 

200 

180 

166 

83 

80 

3 

1000 

750 

600 

500 

429 

375 

333 

300 

272 

250 

124 

120 

4 

1333 

1000 

800 

666 

571 

500 

444 

400 

364 

333 

166 

160 

5 

1666 

1250 

1000 

833 

714 

625 

555 

500 

454 

417 

208 

200 

6 

2000 

1500 

1200 

1000 

857 

750 

666 

600 

545 

500 

250 

240 

7 

1750 

1400 

1166 

1000 

875 

777 

700 

635 

583 

292 

280 

8 

2000 

1600 

1333 

1144 

1000 

888 

800 

729 

666 

333 

320 

9 

1800 

1500 

1285 

1125 

999 

900 

818 

750 

375 

360 

10 

2000 

1666 

1428 

1250 

1111 

1000 

909 

833 

416 

400 

11 

•  • 

1833 

1571 

1375 

1222 

1100 

1000 

916 

458 

440 

12 

2000 

1714 

1500 

1333 

1200 

1090 

1000 

500 

480 

Calculation  of  Fertilizer  Formulas 

There  are  four  types  of  fertilizer  formula  problems  that  may  need  to 
be  solved  in  connection  with  the  home-mixing  of  fertilizers.  In  the  fol¬ 
lowing  paragraphs  an  example  of  each  of  these  problems  will  be  given  and 
the  solution  explained. 
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I.  The  determination  of  the  number  of  pounds  of  fertilizer  materials 
required  to  make  a  complete  fertilizer  of  a  given  analysis  when  each  nutri¬ 
ent  represented  in  the  analysis  is  derived  from  a  separate  carrier. 

Problem 

Calculate  the  ingredients  for  a  ton  of  4-10-4.  Use  the  following  ma¬ 
terials  and  add  filler  if  necessary. 

Ammonium  sulfate .  20%  nitrogen 

Superphosphate .  18%  phosphoric  acid 

Manure  salts .  20%  potash 

Solution 

The  fertilizer  mixture  is  to  contain  4  per  cent  of  nitrogen.  One  ton  of 
this  mixture  would  carry  .04  X  2000  or  80  pounds  of  nitrogen.  If  ammo¬ 
nium  sulfate  carrying  20  per  cent  nitrogen  is  used,  80  divided  by  .20,  or 
400,  would  represent  the  number  of  pounds  of  ammonium  sulfate  required. 
In  a  like  manner,  it  will  be  found  that  the  required  amounts  of  super¬ 
phosphate  and  manure  salts  are  1112  and  400  pounds,  respectively.  The 
total  amount  of  materials  used  in  this  case  is  0912  pounds.  It  will  thus  be 
necessary  to  add  88  pounds  of  filler  to  make  a  ton  of  the  required  mixture. 

II.  The  determination  of  the  number  of  pounds  of  fertilizer  materials 
required  to  make  a  complete  fertilizer  of  a  given  analysis  when  a  part  ot 
one  or  more  of  the  nutrients  is  derived  from  two  or  more  materials. 


Problem 

Calculate  the  ingredients  for  a  ton  of  4-10-4.  Use  the  following  ma- 
terials  buc  derive  of  the  nitrogen  from  tankage  and  K  from  sodium 


nitrate. 

Tankage  8%  nitrogen  anc*  3%  phosphoric  acid 

Sodium  nitrate .  16%  nitrogen 

Superphosphate .  18%  phosphoric  acid 

Muriate  of  potash .  50%  potash 


Solution 

The  fertilizer  mixture  is  to  contain  10  per  cent  phosphoric  acid,  but 
tankage  is  to  supply  a  part  of  the  nitrogen  it  will  also  ^ 

mixture  some  phosphoric  acid,  and  this  quantity  of 
must  be  known  before  the  required  amount  of  superphosphate  can 

determined.  .  ,  ax  y  2000  or  80  pounds  of  nitro- 

One  ton  of  the  mixture  would  carry  .04  X  2  p 
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gen.  One-half,  or  40  pounds,  must  be  furnished  by  tan  g 
by  sodium  nitrate.  If  the  tankage  catties  8  per  cent  of  nitrogen  40  divide 
by  .08  or  500  pounds,  is  the  amount  of  tankage  requited  to  furnish  the 
nitrogen.  In  a  similar  manner  the  sodium  nitrate  requited  will  be  found  to 
be  250  pounds,  and  the  muriate  of  potash  160  pounds. 

If  superphosphate  carrying  18  per  cent  of  phosphoric  acid  is  used  to 
supply  the  phosphoric  acid  then  200,  the  number  of  pounds  of  phosphoric 
acid  required,  minus  15,  the  number  of  pounds  of  phosphoric  acid  sup¬ 
plied  in  500  pounds  of  tankage,  or  185  pounds,  divided  by  .18  will  give 
1028  pounds,  which  is  the  number  of  pounds  of  superphosphate  necessary. 

Totaling  the  ingredients  required  we  have  1938  pounds,  leaving  only 

62  pounds  of  filler  necessary  to  make  a  ton. 

HI.  The  determination  of  the  number  of  pounds  of  fertilizer  materials 
required  to  make  a  complete  fertilizer  of  a  given  analysis  when  two  car¬ 
riers  can  be  so  apportioned  that  no  filler  is  required. 


Problem 

Calculate  the  ingredients  for  a  ton  of  4-10-4.  Use  the  following  ingre¬ 
dients  and  so  apportion  the  kainite  and  muriate  of  potash  that  a  filler  will 
be  unnecessary. 

Ammonium  sulfate .  20%  nitrogen 

Superphosphate .  16%  phosphoric  acid 

Muriate  of  potash .  50%  potash 

Kainite .  12%  potash 


Solution 

Using  the  method  employed  in  problem  1  and  problem  2,  we  find 
that  1250  pounds  of  superphosphate  and  400  pounds  of  ammonium  sul¬ 
fate  are  required  to  furnish  the  phosphoric  acid  and  nitrogen,  respectively. 
This  is  a  total  of  1650  pounds,  which  leaves  350  pounds  to  be  supplied  by 
the  muriate  of  potash  and  kainite  if  no  filler  is  to  be  used. 

Our  problem  now  is  to  make  such  a  mixture  that  350  pounds  will  sup¬ 
ply  80  pounds  of  potash.  A  simple  algebraic  method  of  solving  this  prob¬ 
lem  is  as  follows: 

Let  X  =  lbs.  of  kainite 
and 

350  —  X  =  lbs.  of  muriate  of  potash 

Then:  .12X  =  lbs.  of  K^O  in  kainite. 

.50  X  (350  —  X)  or  (175  —  .50X)  =  lbs.  of  K.O  in  muriate  of  potash 

If:  80  =  the  lbs.  of  KvO  to  be  supplied 
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Then:  .12X  +  175  -  .50X  =  80 
or 

.38X  =  95 
or 

X  =  250  lbs.,  or  the  weight  of  the  kainite  required 

and 

350  —  X  or  350  —  250  =  100  lbs.,  or  the  weight  of  muriate  of  potash 

required. 


IV.  The  determination  of  the  number  of  pounds  of  materials,  which 
carry  two  or  more  nutrient  elements,  required  to  make  a  mixture  which  will 
contain  an  equivalent  quantity  of  nutrients  as  that  found  in  some  standard 
application. 


Problem 

Calculate  the  quantities  of  Ammo-Phos  A  and  Ammo-Phos  B  required 
to  make  a  mixture  which  will  contain  the  same  amounts  of  nitrogen  and 
phosphoric  acid  as  is  found  in  a  250-pound  application  of  a  4-10-4. 


Ammo-Phos  A .  11%  nitrogen  and  46%  phosphoric  acid 

Ammo-Phos  B .  16.5%  nitrogen  and  20%  phosphoric  acid 


Solution 


A  250-pound  application  of  a  4-10-4  fertilizer  contains  10  pounds  of 
nitrogen  and  25  pounds  of  phosphoric  acid.  The  amounts  of  Ammo-Phos 
A  and  Ammo-Phos  B  required  to  make  a  mixture  containing  exactly  10 
pounds  of  nitrogen  and  25  pounds  of  phosphoric  acid  can  be  determined 
algebraically  as  follows: 


Let  X  =  total  lbs.  of  Ammo-Phos  A  to  be  furnished 
and  Y  =  total  lbs.  of  Ammo-Phos  B  to  be  furnished 
Then:  .llX  +  .165 Y  =  10  (lbs.  of  nitrogen) 

and  .46X  +  .20 Y  =  25  (lbs.  of  phosphoric  acid) 

Multiplying  (l)  X  40,  4.40X  +  6.601  =  400 

Multiplying  (2)  X  33,  15.18X  +  6.60  X  =  825 

Subtracting  (3)  from  (4),  10.78X  =  425 

Whence:  X  =  39.4  or  the  amount  of  Ammo-Phos  A  required 

Substituting  X  =  39-4  in  (2),  18.124  —  .20X  —  25 
Whence:  2°T  =  £.876  .  , 

Y  =  34.4  or  the  amount  of  Ammo-Phos  B  required. 


(1) 

(2) 

(3) 

(4) 


Proof  phosphoric 

Nitrogen  Acid 

A  18  12 

39.4  lbs.  1  Me  Ammo-Phos  contains . .  6'88 

34.4  lbs.  16.5/20  Ammo-Phos  contains .  ->'°/  ‘ 


Totals 


10.00  lbs. 


25.00  lbs. 
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Application  of  Fertilizers,  and  Their 
Influence  on  Germination  and 
Seedling  Growth 


The  increased  use  in  recent  years  of  high-analysis  fertilizers  has  led  both 
the  fertilizer  manufacturer  and  the  farmer  to  give  greater  attention  to  the 
problems  arising  from  varying  the  time,  the  method,  and  the  rate  of  ferti¬ 
lizer  application. 

Physical  Characteristics  of  Mixed  Fertilizers 

Manufacturers  of  mixed  fertilizers  make  an  effort  to  produce  mixtures 
that  will  have  good  physical  characteristics.  Fertilizer  mixtures  must  not 
set  into  a  hard  cake  nor  should  they  become  mushy  on  damp  days.  They 
must  be  in  such  a  physical  condition  that  they  will  pass  readily  through  the 
fertilizer  distributor.  In  former  years  the  manufacturer  of  complete  ferti¬ 
lizers  employed  calcium  cyanamide  largely  for  the  purpose  of  putting  his 
mixture  in  a  good  physical  condition,  and  the  organic  nitrogenous  ferti¬ 
lizers  of  plant  or  animal  origin  for  keeping  his  product  that  way.  A  few 
hundred  pounds  of  cottonseed  meal,  tankage,  tobacco  stems,  or  fish  scrap 
will  serve  the  latter  purpose  well. 

Today,  many  manufacturers  are  ammoniating  their  superphosphates 
and  superphosphate  mixtures,  and  this  procedure  yields  a  product  of  good 
physical  characteristics.  This  is  especially  true  if  ammonium  nitrate  is 
added  with  the  ammonia  solution  or  liquor.  When  this  method  is  em¬ 
ployed  manufacturers  find  that  it  is  not  necessary  to  add  calcium  cyanam¬ 
ide  for  the  purpose  of  producing  a  good  physical  condition  in  their 
products. 

Time  of  Applying  Fertilizers 

Inasmuch  as  plants  absorb  the  greater  part  of  their  nutrients  during  the 
first  half  of  their  growing  period,  fertilizers  should  be  applied  either  before 
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planting  or  during  the  seedling  growth  period,  or  at  both  times,  depending 
upon  the  fertilizer,  the  soil,  the  crop,  and  the  season.  Plants  characterized 
by  a  determinate  growth,  such  as  wheat,  may  absorb  sufficient  phosphoric 
acid  within  a  few  weeks  to  take  care  of  their  needs  to  maturity,  whereas 

Table  128 


Percentage  of  Nutrients  Absorbed  by  Cotton  at  Various  Stages 
of  Growth.  The  Composition  of  the  Mature  Plant  Is  Taken  as  100 


Composition 

First 

Square 

First 

Bloom 

First 

Open  Boll 

Mature 

Plant 

Dry  matter . 

12.2 

28.8 

48.5 

100 

Tnral  mineral  (ash) . 

28.6 

63.1 

82.0 

100 

Nitrogen  . 

34.0 

66.0 

84.2 

100 

Phosphorus . 

36.6 

76.8 

95.3 

100 

Sulfur.  . 

431 

75.0 

84.7 

100 

Potassium  . 

35.5 

62.9 

76.0 

100 

Calrinm  . 

32.8 

74.0 

84.0 

100 

Magnesium . 

38.0 

69.3 

89  4 

100 

Table  129 

Percentage  of  Nutrients  Absorbed  per  Acre  by  Potato  Crop  During  Weekly 

Intervals  of  Growth 


Plant  Food  Absorbed  per  Acre  by  Plants  and  Tubers  During  Each  Period 


Period  of 
Growth 
( wks .) 

Nitrogen 

(N) 

Phosphorus 

(P20ft) 

Potassium 

(K,0) 

Magnesium 

C MgO ) 

Calcium 
( CaO ) 

Totals 

0-7 

8 

9 

10 

11 

12 

13 

14 

Totals - 

11 

6 

10 

24 

13 

32 

1 

3 

6 

7 

11 

22 

14 

34 

4 

2 

12 

6 

12 

24 

16 

24 

5 

1 

4 

6 

10 

20 

15 

29 

8 

8 

3 

7 

8 

17 

18 

17 

'  17 

13 

9 

6 

10 

23 

16 

28 

5 

3 

100 

100 

1  _ 

100 

100 

100 

100 

plants  with  an  indeterminate  growth,  such  as  tomatoes,  present  an  entirely 
different  sttuation.  In  Table  128  are  given  the  percentages  of  various 

z„d  ».»» pi.* « — , 

by  White  (1914),  of  the  Georgia  Experiment  Station,  and  in  Table 
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is  given  similar  information  with  reference  to  Irish  potatoes  as  determined 

by  Carolus  (1937).  .  .  ,  ,  ,  c 

In  those  sections  where  cost  of  farm  labor  is  hig  an  t  e  cos 

machinery  low  farmers  usually  prefer  ro  apply  complete  fertilizers  rather 

than  single  ingredients,  and  to  apply  at  one  time  most  of  the  fertilizer 

which  the  crop  is  to  receive,  usually  just  before  or  at  time  of  seeding,  n 

European  countries,  where  the  opposite  economic  conditions  prevail,  the 

custom  is  to  apply  single  ingredients  by  hand  at  times  other  than  at  seed¬ 


ing  time.  .  ,  .  c 

Because  crops  do  not  absorb  much  nitrogen,  that  is,  on  a  basis  ot 

pounds  per  acre,  during  the  first  few  weeks  of  growth,  and  because  some 
forms  of  nitrogen  may  be  lost  by  leaching  during  this  period  if  not  utilized 
by  plants,  it  may  sometimes  be  desirable  to  apply  the  nitrogen  just  before 
planting  in  an  available  but  leach-resistant  form  or  forms.  • 

All  phosphatic  and  potassic  fertilizers  usually  are  applied  at  or  before 
planting.  Side  applications  of  potash  may  be  made  to  some  crops  at 
intervals  during  the  first  few  weeks  of  growth,  especially  when  symptoms 
of  potash  starvation  are  apparent  early  in  the  growth  of  the  plants.  This 
practice  is  employed  sometimes  as  a  means  of  reducing  the  injury  to  trans¬ 
plants  when  such  crops  as  tomatoes  are  grown.  All  proteid-organic  nitroge¬ 
nous  fertilizers  should  be  applied  before,seeding.  Water-soluble  nitroge¬ 
nous  fertilizers  which  are  subject  to  leaching  may  be  applied  before 
seeding  or  at  intervals  during  the  growing  season.  Split  applications  of 
nitrates  are  generally  recommended.  All  ammoniacal  fertilizers  are  leach- 
resistant  and  may  be  applied  before  planting.  This  is  true  also  of  urea. 
With  most  crops  it  would  seem  best  to  apply  nitrogen  under  the  crop  in 
some  available  but  leach-resistant  form,  such  as  urea,  and  side  dress  only 
in  those  rare  cases  where  extra  nitrogen  may  be  needed  just  prior  to  the 
time  of  maximum  absorption  by  the  crop. 

Top  and  side  dressings  of  carriers  of  readily  available  nitrogen  may  be 
made  at  any  time  during  the  first  half  of  the  growing  season  of  the  crop 
but  both  the  quantity  and  form  of  the  fertilizer  carrier  should  be  given 
consideration.  Side  dressings  of  fertilizer  are  especially  adapted  for  crops 
having  a  long  growing  season  or  for  crops  grown  in  sections  where  the 
soil  is  sandy  and  the  rainfall  high.  The  first  application  of  soluble  nitrogen 
may  be  put  under  the  crop,  or  it  may  be  applied  just  after  securing  a  stand. 
Usually  the  second  application  of  soluble  and  easily  leachable  nitrogen  is 
made  to  cotton  just  after  chopping,  to  corn  when  the  plants  are  about 
knee  high,  and  to  winter  small  grain  when  they  are  starting  growth  early  in 
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the  spring.  Top  dressings  of  soluble  nitrogen  may  be  made  to  pastures 
wherever  there  is  evidence  that  nitrogen  is  needed,  provided  the  grass  is 
dry.  As  a  rule,  pastures  should  be  fertilized  very  early  in  the  spring  in  the 
South,  and  as  soon  as  the  snow  has  gone  in  the  North.  Some  grasses  will 
grow  even  when  it  is  still  quite  cold,  if  they  can  obtain  available  plant 
nutrients. 

In  general,  fertilizers  should  not  be  applied  late  in  the  growing  season 
for  if  absorbed  they  either  accumulate  in  old  organs  or  give  rise  to  second¬ 
ary  growth  of  shoots  and  leaves. 

Methods  Used  in  Applying  Fertilizers 

Only  during  the  last  25  years  have  agronomists  come  to  appreciate  the 
value  of  proper  placement  of  fertilizer  with  reference  to  seed  or  plant  and 
even  to-day  the  value  of  correct  placement  is  not  generally  recognized  by 
farmers.  Many  farmers  use  complete  fertilizers  with  approximately  the  cor¬ 
rect  ratio  of  nutrient  elements  and  apply  the  correct  amounts  of  plant 
nutrients  per  acre,  but  fail  to  secure  the  results  that  should  be  expected 
because  the  method  of  application  employed  does  not  place  the  fertilizer 
in  the  soil  where  best  absorption  by  plants  can  take  place.  _ 


■  ,  .  -  r  i 

^  _  3r 


•  - 

'  F^G.  143-  Starter  solutions  pay.  The  . . 

Dr.  V.  A.  Tiedjens  and  Better  Crops  with  Plant  Food.) 
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Methods  Used  in  Applying  Fertilizers 

'  Fertilizers  may  be  distributed  by  means  of  machinery  or  by  hand  but 
the  application  with  machinery  is  much  to  be  preferred  as  it  saves  labor 
and  gives  a  more  uniform  distribution.  There  are  two  general  methods 
commonly  employed  in  applying  fertilizers:  (l)  broadcasting  over  t  e 
surface  of  the  field;  and  (2)  localizing,  as  is  done  when  fertilizer  is  placed 
in  a  drill  or  hill.  In  addition,  fertilizers  may  be  dissolved  in  irrigation  water 
and  applied  as  such,  as  is  sometimes  done  in  the  American  Southwest,  or 
fertilizers  may  be  put  in  holes  around  the  plant  to  be  fertilized,  as  is  done 
in  fertilizing  trees.  When  the  fertilizer  is  broadcast  it  may  be  left  on  the 
surface  of  the  soil  or  worked  into  and  incorporated  with  the  soil.  In  those 
sections  where  the  broadcasting  of  fertilizers  is  generally  advocated,  broad¬ 
casting  machines  should  be  used.  These  machines  distribute  the  fertilizer 
fairly  uniformly  over  the  surface  thus  permitting  it  to  be  harrowed  uni¬ 
formly  into  the  soil. 

In  many  sections  of  the  country  one  of  the  easiest  and  most  frequently 
employed  methods  of  applying  fertilizer,  although  it  is  not  now  generally 
recommended,  has  been  through  the  distributor  attachment  of  the  seed 
drill  or  seed  planter.  In  the  East  and  South  large  quantities  are  applied  in 
this  way,  often  very  successfully.  In  the  West,  however,  particularly  on 
soils  receiving  a  limited  rainfall,  often  as  little  as  200  pounds  of  a  complete 
fertilizer  applied  in  this  way  is  sufficient  to  injure  the  crop.  It  must  there¬ 
fore  be  recognized  that  the  best  method  of  applying  fertilizers  in  any  sec¬ 
tion  must  depend  upon  a  number  of  factors  such  as  the  fertilizer,  the  soil, 
the  climatic  conditions,  and  the  crop  grown. 

In  many  localities  where  fertilizers  are  put  in  the  hill  or  drill  prior  to 
seeding,  it  is  still  the  common  practice  with  most  farmers  to  attempt  to 
mix  the  fertilizer  with  the  soil  so  that  the  fertilizer  will  not  come  in  direct 
contact  with  the  germinating  seed.  Recent  experimental  results  have 
shown  that  this  practice  may  give  better  results  than  that  of  allowing  the 
fertilizer  to  come  in  direct  contact  with  the  seed  but  it  is  not  the  best 
placement  in  the  soil  for  mixed  fertilizers  for  most  row  crops.  As  put  in  the 
drill  by  the  distributor  fertilizers  may  be  placed  under,  over,  or  at  one  or 
both  sides  of  the  seeds,  depending  upon  the  kind  of  distributor  used. 
Most  cotton  farmers  are  not  equipped  to  plant  cotton  seed  with  planters 
that  have  a  fertilizer  attachment.  Separate  fertilizer  distributors  generally 
are  employed  to  distribute  the  fertilizer  and  to  mix  it  with  the  soil  before 
the  cotton  seed  are  planted.  In  the  North,  farmers  often  have  found  that 
100  to  300  pounds  of  a  phosphate-potash  fertilizer  applied  in  the  row  to 
corn  gave  good  results,  but  the  same  rate  of  application  applied  broadcast 
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and  worked  into  the  surface  soil  has  not  yielded  satisfactory  results.  The 
best  results  have  been  secured  from  broadcasting  and  plowing  under  heavy 
applications  or  by  placing  the  fertilizer  in  the  bottom  of  the  furrow. 

Theoretically,  it  would  appear  that  the  best  placement  of  fertilizer 
would  be  that  which  would  allow  the  crop  to  secure  the  nutrients  in 

optimum  quantities  at  the  times  required  by  the 
crop.  Certainly,  plants  should  not  be  stunted  for  lack 
of  nutrients  at  any  stage  of  growth. 

Experimental  evidence  indicating  the  best  practice 
of  applying  fertilizer  is  still  somewhat  unsatisfactory. 
That  variations  in  the  placement  of  fertilizers  do 
have  a  marked  influence  on  crop  yields  is  shown  by 
the  work  reported  by  Smalley  (1931),  in  which  yields 
of  seed-cotton  varying  from  604  to  1648  pounds  were 
secured  from  various  placements  of  800  pounds  per 
F  acre^of  a  4-8-4  fertilizer.  Similar  results  with  many 
tilizwplacement li  other  crops  have  more  recently  been  reported  by 

the  sides  of  the  many  other  investigators. 

For  many  years  there  were  those  who  argued  that 
hill  or  row  application  of  fertilizer  would  cause  a 
bunching  of  roots  around  the  fertilizer  applied,  to 
an  extent  that  would  discourage  the  development  of 
a  larger  root  system.  It  is  now  generally  accepted  that 
hill  or  row  application  may  promote  a  heavier  growth 
of  the  root  systems  of  plants  within  the  fertilizer  zone, 


seed.  View,  one  of 
the  control  experi¬ 
ments  of  the  Agri¬ 
cultural  Research 
Division  of  the 
American  Cyana- 
mid  Company. 
(Courtesy,  Ameri¬ 
can  Horti graphs  and 
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Agronomic  Review.)  ^  apparently  this  does  not  greatly  restrict  the  exten- 

•  n  nf  the  root  svstem  in  all  directions  outside  the  fertilized  zone.  It  appears 
-  .  r  11  recoil  conditions  influence  the  extent  of  root  bunching  around 

that  rain  a  an  Collings  and  Warner  (1927)  were  unable  to  find 

the  fertilizer  applied «*  ' of  the  root  systems  of  cotton  that 
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iens  (1940)  concluded  that  for  vegetables  the  application  of  lime  and 
superphosphate  under  the  tow,  in  the  bottom  of  the  furrow  or  even  in  the 
subsoil  for  several  inches,  with  nitrogen  and  potash  applied  as  side  dress- 


Table  130 


Yields  of  Seed-cotton  Following  the  Application 
of  Fertilizer  at  Various  Depths 


Depth  Applied 

Founds  of  Seed  Cotton  per  Acre 

360  lbs.  of  Com¬ 
plete  Fertilizer 
Used 

1 120  lbs.  of  Com¬ 
plete  Fertilizer 
Used 

6  to  8  in . 

920 

740 

4  to  5  in 

920 

680 

2  to  3  in . 

1030 

1400 

Top  dressed . 

870 

1140 

ings,  would  probably  give  better  results  than  any  other  method  until  the 
surface  soil  and  subsoil  have  been  properly  adjusted  for  pH  with  liming 
materials. 

It  is  the  consensus  of  opinion  that  drilling  fertilizers  for  field  crops 
gives  better  results  than  broadcasting,  particularly  on  soils  of  low  fertility. 
The  advantages  of  localized  application  are  less  marked  on  soils  of  high 
natural  fertility. 

Localized  placement  of  fertilizers  results  in  a  more  complete  utilization 
of  nutrients  by  the  crop  fertilized  and  in  a  smaller  residual  influence  than 
broadcast  application,  furthermore,  it  has  been  amply  demonstrated  that 
increased  early  growth  and  hastened  maturity  result  from  localized  ap¬ 
plication.  During  the  World  War  II  period  solutions  of  mixed  fertilizers 
were  satisfactorily  used  in  New  Jersey  for  starting  and  side  dressing  of 
transplanted  vegetable  plants.  Prince  and  Tiedjens  (1945)  found  ordinary 
mixed  fertilizers  satisfactory  for  this  purpose. 

Truog  and  Harper  (1923)  found  that  with  the  small  grains  the  applica¬ 
tion  of  fertilizers  by  the  drill  row  method  gave  better  results  than  when 
applied  broadcast.  This  was  also  the  conclusion  reached  with  reference 
to  cotton  and  corn  by  Williams,  Kilgore,  and  Russell  (1914,  1915), 
of  the  North  Carolina  Experiment  Station.  Their  results  are  shown  in  Table 
131.  These  results  represent  the  averages  of  8  tests  conducted  at  various 
times  from  1902  to  1909.  It  has  been  pointed  out  by  Haskell  (1923)  that 
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Fig.  145.  Proper  placement  of  fertilizer  and  potato  seed  piece.  (Courtesy, 

Deere  and  Co.) 


Table  131 

INFLUENCE  OF  METHOD  AND  TIME  OF  APPLYING  FERTILIZER  ON  THE  YIELD  OF  CORN 

and  Cotton  at  the  North  Carolina  Experiment  Station 


- - - 

Method  of  application 

Yield 

Increase  over  checks 

Corn 

( bu.y 

Seed 

Cotton 

(lbs.) 

Corn 

(bu.) 

Seed 

Cotton 

(lbs.) 

All  applied  in  drill  before  planting  . 

y2  in  drills,  A  side  dressing,  July  1 . 

Broadcast  before  planting . 

4  to  5  in.  beneath  the  seed . 

18.10 

18.70 

16.60 

18.50 

1028.3 

914.8 

866.3 

921.4 

6.95 

9.10 

8.10 

10.25 

524.6 

477. 3 

465.3 

532.7 
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The  Amount  of  Fertilizer  to  Apply 

because  of  its  labor-saving  benefits  drill  application  of  fertilizers  will  be  the 
most  common  practice  for  most  crops,  until  it  is  proved  to  be  lower  rn 
efficiency  than  broadcast  distribution.  If  large  quantities  of  fertilizers  are 
to  be  applied  at  any  one  time  on  properly  limed  soils  it  would  be  better  for 
farmers  to  divide  their  applications  and  use  both  the  broadcasting  and 
placement-in-the-row  methods.  Certainly  combinations  of  broadcasting 
and  side  dressing  have  their  place  in  the  production  of  many  vegetable  and 
held  crops. 

The  Amount  of  Fertilizer  to  Apply 

The  amount  of  fertilizer  that  should  be  applied  to  the  various  held  and 
horticultural  crops  is  dependent  upon  many  variables,  such  as  crop,  soil, 
and  season,  as  well  as  the  analysis  of  the  fertilizer,  the  intensity  of  the  agri¬ 
culture,  the  cost  of  the  fertilizer,  and  the  selling  price  of  a  unit  of  the  crop 
grown.  The  per  acre  applications  of  complete  fertilizer  commonly  recom¬ 
mended  for  the  general  held  crops  of  this  country  usually  vary  from  150  to 
800  pounds,  and  for  truck  and  root  crops  from  800  to  2000  pounds. 
Skinner  and  Ruprecht  (1930)  have  reported  results  showing  that  the  great¬ 
est  increase  in  yields  of  celery  was  secured  from  an  application  of  10,000 

Table  132 

Effect  of  Varying  Quantities  of  a  Complete  Fertilizer  Containing  6  Per  Cent 
Ammonia,  6  Per  Cent  Phosphoric  Acid,  and  6  Per  Cent  Potash, 

on  Yield  of  Celery* 


Yield  per  acre  of  marketable  celery 


Fertilizer 
Applied  per 
Acre  (lbs.) 

Meisch's  Special 
Planted  113/24, 
Cut  3/12/24 
(Crates) 

Golden  Hear' 
Planted  9/13/24, 
Cut  2/23/2 5 
(Crates) 

Meisch's  Special 
Planted  1/13/25, 
Cut  5/11/25 
(Crates) 

None 

0 

0 

0 

1,000 

118 

345 

306 

2,000 

122 

444 

582 

3,000 

174 

763 

632 

4,000 

310 

606 

710 

5,000 

372 

781 

684 

6,000 

458 

839 

701 

8,000 

569 

826 

588 

10,000 

634 

829 

719 

Average  Crates 


0 

256 

383 

523 

542 

612 

664 

661 

727 


mrr™  c  ‘  ‘  mospnonc  acid  trom  superphosphate;  potash  from  sulfate  of  potash 

blood  >6  ammomum  sulfate>  sodium  nitrate,  cottonseed  meal,  fish  scrap,  tankage  and  drie 


TabU  133 

Most  Commonly  Used  Grades  for  Principal  Fertilized  Crops  in  States  Consuming  75  Per  Cent  of  the  Total  Fertilizer  Tonnage 
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Influence  of  Size  of  Particle  and  Density  on  Drillability 


Fig.  146.  "Juno  spots”  commonly  seen  in  Kansas  wheat  fields  are  easily  visible 
Haifa  mile  away.  They  are  most  frequently  seen  in  fields  that  have  been  grazed,  and 
are  commonly  attributed  to  deposits  of  feces  or  urine.  They  show  a  general 
lack  of  fertility  in  the  rest  of  the  field.  (Courtesy,  Kansas  Agricultural  Experiment 
Station.) 

pounds  of  a  6-6 -6  fertilizer.  The  most  profitable  application  was  found  to 
be  4  to  5  tons  per  acre.  Their  results  are  given  in  Table  132.  Meadows  and 
pastures  are  usually  top  dressed  with  soluble  fertilizers  at  the  rate  of  150  to 
500  pounds  per  acre.  Orchards  are  fertilized  at  the  rate  of  1  to  15  pounds 
per  tree,  depending  upon  the  fertilizer  materials  used  and  the  kind  and  size 
of  the  tree. 

It  is  now  generally  agreed  among  agronomists  and  horticulturists  that 
many  of  our  truck,  tobacco,  and  potato  growers  are  using  as  much,  if  not 
more,  fertilizer  than  they  can  economically  justify. 

The  quantity  of  fertilizer  to  apply  to  a  crop  is  not  necessarily  the 
amount  that  would  make  the  highest  yield.  The  rate  of  application  in 
most  cases  should  be  determined  by  the  relation  existing  between  the 
commercial  value  of  the  fertilizer  and  the  value  of  the  increase  in  the  crop 
produced.  The  law  of  diminishing  returns  is  an  important  factor  to  be 
considered  in  fertilizer  practice,  and  that  rate  of  application  should  be 
used  which  is  the  most  profitable.  The  choice  of  a  complete  fertilizer  should 
be  made  with  the  idea  of  supplying  a  given  number  of  pounds  of  nitrogen ,  phos¬ 
phoric  acid ,  and  potash  rather  than  because  the  fertilizer  is  of  a  given  analysis  in 
which  nutrients ;  are  present  in  a  given  ratio. 

In  Table  133  is  given,  according  to  Moss  and  Mehring  (1938)  the 
principal  grades  applied  to  5  of  the  most  frequently  fertilized  crops  in  the 
states  consuming  75  per  cent  of  the  total  fertilizer  tonnage. 

Influence  of  Size  of  Particle  and  Density  on  Drillability 

As  a  rule,  if  a  fertilizer  contains  much  material  finer  than  200-mesh  or 
coarser  than  5-mesh  uniform  distribution  will  be  difficult  and  sometimes 
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impossible.  According  to  data  secured  by  Mehring  et  al.  (1935),  fertilizers 
give  best  results  when  the  particles  are  about  80-  to  150-mesh  in  size, 
although  they  found  that  any  particle  sizes  between  5-  and  200-mesh  gave 
satisfactory  drillability  if  other  conditions  were  reasonably  satisfactory. 

The  density  of  a  fertilizer  upon  application  also  influences  its  uni¬ 
formity  of  distribution.  In  Table  134  is  given  the  approximate  density  of 
some  commonly  used  fertilizer  materials. 


Table  134 

The  Approximate  Density  of  Some  Commonly 
Used  Fertilizer  Materials 


Materials 

Founds  per 
Cubic  Foot 

Ammonium  sulfate.  .  . 

62.0 

Castor  nomace . 

44.5 

C ofronseerl  meal  . 

38.0 

Muriate  of  t>otash . 

68.0 

Sorlinm  nitrate  .  . 

72.5 

Snnemhnsnhare.  .  . 

56.0 

Uramon .  . 

46.5 

Efficiency  of  a  Fertilizer  Application 

Soils  are  dynamic  and  should  not  be  thought  of  merely  as  a  mass  of 
inert  material.  Physical,  chemical,  and  biological  changes  are  continually 
taking  place  in  soils,  and  these  changes,  acting  in  unison  with  climatic 
forces  and  the  plant  itself,  influence  the  efficiency  of  any  fertilizer  applica¬ 
tion.  As  a  general  rule,  much  larger  amounts  of  nitrogen,  phosphoric 
acid  and  potash  should  be  applied  to  the  soil  than  will  be  removed  during 
the  growing  season  by  the  crop,  for  it  is  impossible  for  the  crop  to  recover 

all  or  even  a  greater  part  of  the  nutrients  applied. 

Salter  (1931)  has  reported  that  at  the  Ohio  Experiment  Station  only 
about  40  per  cent  of  the  entire  effect  of  a  single  application  of  500  pounds 
of  a  4-16-4  fertilizer  has  been  found  to  be  realized  during  the  year  the 
fertilizer  is  applied.  Thirty  pet  cent  of  the  fertilizer  was  utilized  by  crops 
during  the  second  year,  17  pet  cent  during  the  third  year,  and  12  pet  cent 
in  the  fourth  year.  The  residual  influence  of  muriate  of  potash,  as  repotted 

by  Cooper  and  Wallace  (1936),  is  shown  m  Table  135. 

Six  factors  largely  control  the  efficiency  of  a  fertilizer  application.  They 
are  (l)  the  crop,  (2)  the  method  of  application,  (3)  the  themica  compos 
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tion  of  the  soil  and  its  reaction,  (4)  the  organic  matter  content  of  the  soil, 
(5)  the  physical  condition  and  drainage  of  the  soil,  and  (6)  weather 
conditions. 


Table  135 


Average  Yields  of  Seed  Cotton  in  Pounds  per  Acre  from  Residual  Potash, 
1932-1935.  (Muriate  of  Potash  Applied  Broadcast  in  1932  at  the 
Rates  Indicated.)  Sandhill  Experiment  Station 


Rate  of  Muriate 
Applied 

Total  Yield  of  Seed  Cotton 
in  Pounds  per  Acre 

Increase 

over 

Preceding 

Increment 

Increase  over 

No  Potash 

1932 

1933 

1934 

1935 

Aver¬ 

age 

Lbs. 

Per  Cent 

None.  . 

1029 

858 

727 

195 

702 

.. 

100  lbs . 

1453 

1281 

1032 

699 

1116 

414 

414 

590 

200  lbs . 

1835 

1479 

1265 

1045 

1406 

290 

704 

100  3 

400  lbs . 

1889 

i 

1713 

1308 

1202 

1528 

122 

826 

117.7 

The  influence  of  crop  is  illustrated  by  the  apple.  Because  bearing  apples 
appear  to  be  able  to  store  comparatively  large  quantities  of  nutrients  and 
to  absorb  them  over  a  longer  period  than  that  of  their  rapid  period  ot 
vegetative  growth,  the  trees’  response  to  nutrient  application  is  slow  and 
many  contradictory  recommendations  are  often  made. 


Fertilizer  Distributing  Machinery 

Many  types  of  fertilizer  distributing  machinery  may  be  found  on  the 
market.  They  vary  as  to  type,  depending  upon  the  rate  and  time  of  ap¬ 
plication  and  placement  desired  and  upon  the  nature  of  the  crop.  They 
also  vary  widely  as  to  their  ability  to  prevent  the  contact  of  the  fertilizer 
and  seed.  Some  are  designed  for  broadcasting  while  others  are  designed 
for  placement  in  spots  or  broken  bands,  or  in  continuous  rows.  Coe  (1931), 
at  the  New  Jersey  Experiment  Station,  made  a  survey  of  124  planter  sets  for 
drilling,  and  found  that  71,  or  56  per  cent  of  the  total  number,  allowed 
direct  contact  of  the  fertilizer  and  seed,  etther  in  the  del, very  tube  or  in 
the  row  before  the  seed  and  the  fertilizer  were  covered  with  soil.  This 
situation  still  exists  although  much  improvement  has  been  made  recent  y 
in  the  design  of  fertilizer-distributing  equipment  by  a  few  «>mPan‘es- 
Much  of  the  equipment  now  on  farms  is  obsolete  in  design.  Many  dis¬ 
tributors  cannot  be  adjusted  to  apply  smaller  amounts  than  200  pounds  c, 
fertilizer  per  acre  with  any  degree  of  uniformity.  A  good  machine  should 
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be  able  to  apply  as  little  as  50  pounds  per  acre.  Formerly  it  was  difficult  to 
secure  distributing  machinery  which  would  drill  less  than  125  poun  s. 
Today  machines  are  on  the  market  which  will  drill  as  little  as  25  pouncs 

per  acre  and  do  it  efficiently.  _  . 

Probably  the  most  important  consideration  in  choosing  a  fertilizer 

distributor  is  its  ability  to  place  the  fertilizer  in  accord  with  sound  agro- 


Fig.  148.  Applying  fertilizer  in  the 
bottom  of  the  furrow  with  a  home-made 
distributor.  (Courtesy,  American  Potash 
Institute.) 

nomic  principles.  In  addition,  attention  should  be  given  to  the  uniformity 
of  delivery,  ease  of  adjustment,  range  in  rates,  size  of  hopper,  visibility  of 
feed,  adaptation  to  different  types  of  fertilizers,  hopper  agitators,  and  ease 
of  emptying  and  cleaning. 

In  general,  fertilizer  distributing  machinery  may  be  classed  in  three 
groups:  (1)  implements  which  are  designed  principally  for  the  application 
of  fertilizer,  (2)  implements  which  have  been  designed  as  attachments  to 
apply  fertilizers  at  the  same  time  as  performing  such  field  operations  as 
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planting  or  cultivating;  and  (3)  machines  for  applying  fertilizer  with  irriga¬ 
tion  water. 

The  first  group  would  include  (l)  broadcasting  distributors  of  the 
lime  sower  type,  (2)  broadcasting  distributors  of  the  drill  type,  (3)  row 
distributors,  (4)  hand  operated  distributors  of  the  wheelbarrow  or  planter 
type  and  (5)  the  fertilizer  horn.  The  second  group  would  include  (l) 
fertilizer  grain  drills,  (2)  cultivators  with  fertilizer  attachments,  (3)  disk 
harrow  fertilizer  attachments,  (4)  planter  attachments,  and  (5)  plant  setters 
with  fertilizer  attachments. 

Many  different  types  of  feeds  are  used  in  fertilizer  distributors.  The 
simplest  feed  is  that  of  the  lime-sower  type  in  which  the  rate  of  distribu¬ 
tion  is  governed  by  opening  or  closing  holes  in  the  bottom  of  the  hopper. 
The  most  common  type  is  the  star  or  forced  feed.  In  this  type  of  distribu¬ 
tion  a  star-shaped  wheel  revolves  carrying  definite  volumes  of  fertilizer 
under  a  gate,  the  height  of  which  governs  the  quantity  of  fertilizer  dis¬ 
tributed.  Among  other  types  of  feeds  employed  are  the  revolving  plate, 
the  knocker  bottom,  the  screw  conveyor,  the  endless  belt,  and  the  paddle 

wheel. 

Irregular  distribution  of  fertilizer  by  fertilizer  distributors  is  the  rule, 
and  is  attributed  by  Cumings  et  al.  (1930)  to  such  variables  as  variable 


Fig.  150.  Photograph  showing  residual  fertilizer  leaf  near  corn  hill  after  corn  plan 

has  grown  to  maturity.  (Courtesy,  Iowa  Agricultural  Experiment  Station.) 

wheel  slippage,  cycles  of  delivery,  lack  of  refinement  of  the  distributing 
machine,  tilting  of  the  machine,  changes  in  the  depth  of  fertilizer  in  the 
hopper  and  to  the  inability  of  the  fertilizer  to  flow  uniformly.  Cumings, 
Mehring  and  Serviss  (193 1)  have  shown  also  that  with  a  majority  of  the 
fertilizer  distributing  machinery  it  is  either  difficult  or  impossible  to 
adjust  them  closely  to  the  rate  of  distribution  desired. 

Effects  Arising  from  Irregular  Distribution  of  Fertilizers 

It  appears  now  to  be  a  well-established  fact  that  on  some  soils  the 
placing  of  fertilizers  that  carry  phosphorus  and  potassium — elements  that 
may  be  readily  fixed  in  soils — in  restricted  areas  results  in  increased  effec¬ 
tiveness.  But  the  residual  effect  of  applying  fertilizer  in  the  drill  or  row  is 
often  objectionable  in  sections  where  crops  that  are  seeded  broadcast  are 
planted  later  in  the  rotation.  The  fields  become  spotty  in  fertility  and  this 
results  not  only  in  a  very  uneven  appearance  of  the  crops  that  have  been 
seeded  broadcast,  but  it  interferes  very  seriously  with  the  orderly  maturing 
of  the  crops.  Often  this  is  noted  in  fields  of  small  grain  following  corn  or 
cotton  that  have  been  fertilized  in  the  drill.  In  such  cases  the  evidence 
would  strongly  indicate  that  these  fields  should  receive  a  heavy  broadcast 
application  of  fertilizer,  and  that  it  would  be  a  profitable  practice. 

Mehring  and  Cumings  (1930)  have  made  a  statistical  study  of  the 
effect  of  irregular  distribution  of  fertilizers  on  the  growth  of  cotton  plants. 
They  concluded  that  a  more  rapid  and  uniform  growth,  earlier  flowering, 
earlier  maturity,  and  larger  yields  of  cotton  were  produced  by  uniform 
applications  of  fertilizers  than  by  irregular  applications.  Muntz  and 
Gaudeschon  (1909)  have  shown  that  diffusion  of  some  nutrients  in  the 
soil  is  extremely  slow  and  that  areas  of  varying  fertility  may  exist  in  the 
soil  for  long  periods  of  time. 
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Sayre  and  Clark  (1935)  found  considerable  movement  of  fertilizer  salts 
in  the  soil  in  both  upward  and  downward  directions,  but  the  lateral  move¬ 
ment  of  the  salts  tested  was  very  limited. 

In  Table  136  is  shown,  according  to  Nelson  and  Wheeting  (1941),  the 
concentration  of  fertilizer  constituents  at  certain  distances  from  fertilizer 
band  after  irrigations.  The  complete  fertilizer  applied  was  a  mixture  of 
sodium  nitrate,  treble  superphosphate,  and  muriate  of  potash. 


Table  136 


Concentration  of  Fertilizer  Constituents  at  Certain  Distances 
from  Fertilizer  Band  after  Irrigation 


Sample 

No. 

Distance  from  Band 

After 

36-hr.  Irrigation 

Below 

(in.) 

To  Side 
(in.)* 

no3, 

P-P-m.  t 

p 

1  i 

p.p.m.% 

K . 

p.p.m.% 

Cl, 

p.p.m.  f 

K, 

p.p.m.] 

i 

4 

0 

0.7 

699- 3 

449.7 

0 

73.3 

2 

8 

0 

0.4 

621 .0 

151.2 

0 

40.4 

3 

12 

0 

0 

679  1 

107.5 

o 

9 

0 

4R 

37.2 

629.1 

2,946.1 

31.37 

1,606.7 

10 

0 

8R 

60.8 

650.7 

242.5 

14.36 

64.8 

11 

4 

8R 

4.6 

645.3 

174.0 

0 

39.1 

12 

8 

8R 

0.5 

669.6 

183.8 

0 

35.8 

33 

0 

4L 

291 

664.2 

231.4 

2.13 

55.4 

34 

4 

8L 

0.5 

629  1 

224.9 

0 

43.7 

35 

8 

8L 

0.2 

677.7 

340.2 

0 

82.8 

56 

0 

14R 

1.7 

639.9 

117.3 

0 

43.7 

57 

4 

14R 

0.5 

621  0 

143.4 

0 

16.3 

58 

8 

14R 

0.2 

661.5 

138.2 

0 

32.6 

*  R  signifies  to  the  right  and  L  to  the  left, 
t  Water  extract, 
t  0.2  N  nitric  acid  extract. 

§  1.0  N  ammonium  acetate  extract. 


Influence  of  Fertilizer  on  Germination  of  Seed 

Coe  (1926)  showed  that  very  small  amounts  of  soluble  fertilizers  in 
contact  with  the  seed  are  capable  of  delaying  the  time  when  a  stand  of  a 
crop  is  secured.  This  is  found  to  be  true  of  quantities  of  fertilizer  that  are 
less  than  the  minimum  for  which  the  fertilizer  attachments  upon  com- 
monly  used  seeding  machines  are  capable  of  adjustment  For  this  reason 
planters  which  arefo  designed  as  to  cause,  or  permit,  a  ^-  contact  of 
fertilizer  with  seed  should  not  be  used.  This  is  borne  out  also  by  the  work 
reported  by  Giles  and  Collins  (1942)  from  North  Carolina.  Average 
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suits  for  a  9-year  period  show  that  95  per  cent  of  the  cottonseed  germinated 
when  the  fertilizer  was  placed  in  bands  to  one  side  of  seed,  75  per  cent 
when  the  fertilizer  was  mixed  with  soil  under  the  seed,  and  62  per  cent 
when  the  fertilizer  was  placed  in  a  band  under  the  seed. 

The  manner  in  which  fertilizers  act  upon  the  seed  to  prevent  or  to 
retard  germination  has  not  been  explained  satisfactorily.  Shive  (1916)  sug¬ 
gests  that  retarded  germination  is  correlated  with  the  amount  of  water 
absorbed  by  the  seed,  which  in  turn  is  dependent  upon  the  concentration 
of  the  soil  solution.  It  is  probably  the  influence  of  fertilizer  salts  on  the 
concentration  of  the  soil  solution  that  produces  the  delayed  germination 
of  field  crop  seeds  so  often  observed  following  an  application  of 
commercial  fertilizer.  Haskell  (1923)  has  pointed  out  that  if  this  is  true, 
the  problem  of  the  method  of  application  is  of  more  importance  in  the 
relatively  dry  West  than  in  the  humid  East.  Unpublished  data  secured  by 
Codings  show  that  high  rates  of  application  of  soluble  salts  can  be  em¬ 
ployed  without  injury  to  germination  of  soybeans  when  the  moisture  con- 


Fig.  151.  Typical  cotton  seedlings  6  days  after  planting,  for  various  placement 
of  800  pounds  per  acre  of  4-8-4  fertilizer  in  Norfolk  very  fine  sandy  loam,  {a)  No 
fertilizer;  (b)  1.75-inch  band  4  inches  below  seed;  (r)  1.75-inch  band  3  inches 
below  seed;  (d)  1.75 -inch  band  2  inches  below  (seed  pressed  into  soil  and  covered 
loosely);  (e)  1.75-inch  band  2  inches  below;  (f)  1.75-inch  band  1  inch  below;  (p) 
3.5-inch  band  1  inch  below;  (h)  one-eighth  contact,  seven-eighths  at  sides;  (/)  one- 
ourth  contact,  three-fourths  at  sides;  (/)  all  contact;  ( k )  mixed  with  soil  below 
seed;  (/)  bands  1.5  inches  to  each  side  2  inches  below  level  of  seed;  (m)  bands  3.5 

AgdeuUureS1)deS  2  bd°W  'evd  °f  Seed'  (Courtesy>  U.S.  Department  of 
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Figs  152  AND  153.  Cotton  planted  on  Ruston  fine  sandy  loam,  with  an  8  16  8 
fertilizer  applied  as  follows:  (Above)  mixed  with  the  soil  below  the  seed  at  rates 
varying  from  200  pounds  to  600  pounds  per  acre.  (Below)  In  bands  2\i  inches 
to  each  side  and  2  inches  below  the  level  of  the  seed  at  varying  ratios.  (Courtesy, 
U.S.  Department  of  Agriculture.) 


tent  of  the  soil  is  high,  but  the  same  applications  to  soils  of  a  low  moisture 
content  result  in  injury. 

Both  Hicks  (1900)  and  Ewart  (1912)  showed  that  the  superphosphates 
are  less  injurious  when  in  contact  with  seed  than  are  the  common  carriers 
of  nitrogen  and  potash.  Injury  from  phosphates,  sulfates,  chlorides  an 
nitrates  increases  in  the  order  named.  Millar  and  Mitchell  (1927)  oun 
that  applications  of  16  per  cent  superphosphate,  up  to  and  including  35 
pounds  per  acre,  in  direct  contact  with  seeds  of  white  beans  did  not  retar 
termination.  On  the  other  hand,  Morse  (1935)  reported  that  the  gemma- 
tion  of  corn  may  be  retarded  by  the  toxic  influence  of  the  fluorine  ,n  some 
superphosphates  if  the  seed  are  allowed  to  come  in  contact  with  the  super¬ 
phosphate.  Rusche  (1912)  determined  the  relative  injury  of  heavy  app 
uons  of  soluble  fertilizers  on  the  germination  of  wheat,  oats,  peas,  beans 
upmes  white  clover,  alsike  clover,  and  seradella.  He  found  oats  to  be 
resistant  to  all  chemicals  used,  bur  with  all  other  seeds  germination  wa 
retarded  by  all  chemicals.  He  found  the  injury  to  vary,  however,  r 
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short  delay  in  germination  to  serious  injury.  It  is  thus  apparent  that  crop 
seeds  vary  in  their  susceptibility  t<5  germination  injury  by  the  same  tern- 

lizer  salt.  ,  c 

Comings,  Mehring,  and  Serviss  (1931)  observed  that  a  poor  stand  ot 

cotton  caused  by  germination  injury  from  fertilizer  may  often  produce  a 

good  yield  and  ascribe  this  to  inhibition  of  germination  of  weak  seeds  and 

of  the  growth  of  weak  seedlings. 

Where  Fertilizers  Should  Be  Placed  with  Reference  to 
Seed 

The  best  placement  of  fertilizers  with  reference  to  seed  or  plant  depends 
upon  the  kind  of  crop,  the  nature  of  the  soil,  the  type  of  fertilizer  salt,  and 
the  climatic  conditions  that  obtain.  Theoretically,  it  would  appear  inadvisa¬ 
ble  to  put  fertilizer  in  the  soil  either  above  or  below  the  seed,  even  though 
it  is  separated  from  the  seed  by  a  layer  of  soil.  It  seems  improbable  that  a 
developing  radicle  or  plumule  would  be  benefited  by  passing  through  a 
layer  of  soluble  salts.  Also,  fertilizer  placed  above  the  seed  may  be  so  near 
the  surface  that  it  will  not  be  effective  during  dry  years.  In  Table  137  are 
given  4-year  results  of  a  fertilizer  placement  study  made  at  the  South 


Fig.  154.  Applying  ammonium  sulfate  in  plow  furrow.  (Courtesy,  W.  R.  Paden 
and  the  South  Carolina  Agricultural  Experiment  Station.) 
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Carolina  Experiment  Station,  as  reported  by  Hall  and  Harrell  (1936),  and 
in  Table  138  the  results  secured  by  Cdllins  (1939)  at  the  North  Carolina 
Experiment  Station.  Tests  similar  to  these  have  recently  been  made  in  all 
the  fertilizer  consuming  sections  of  the  United  States.  They  show  that  the 
placing  of  complete  fertilizer  to  one  side  of  the  seed  for  crops  grown  in 
rows  and  cultivated  like  cotton  and  corn,  seems  to  be  preferable  to  placing 

Table  137 


Yield  of  Seed  Cotton  as  Influenced  by  Fertilizer  Placements,  1930-1933. 

Pee  Dee  Experiment  Station 


Position  of  Fertilizer 

Pounds  of  Seed  Colton 
per  Acre 

4-yr. 

Average 

1930 

1931 

1932 

1933 

Yield 

1376 

371 

1214 

1335 

1074 

1  3/^,/  V.<jnrl  ^  in  HpIow  seed . 

1406 

735 

1453 

1574 

1292 

Kond  9  in  helnvv  seed . 

1400 

772 

1338 

1774 

1321 

1328 

1017 

1609 

1974 

1482 

Band  1 Y2"  to  each  side— 1"  below  seed  level  .  . 
Band  \x/2"  to  each  side— 2"  below  seed  level 
Band  IT2"  to  each  side — 3"  below  seed  level 

1410 

l5C2 

1648 

1057 

1147 

1143 

1668 

1539 

1684 

2011 

1951 

2037 

1536 

1535 

1628 

it  either  above  or  below.  In  this  way  injury  to  germinating  seed  and  to 
seedlings  may  be  avoided  while  at  the  same  time  an  abundance  of  nutri¬ 
ents  is  so  placed  that  rapid  and  early  growth  is  favored.  For  small  grain  the 
fertilizer  can  be  put  in  the  drill  with  the  seed,  for  the  rows  of  drilled  crops 
are  close  together  and  the  amount  of  fertilizer  applied  under  each  plant  is 

necessarily  small. 


Table  138 

Yield  of  Seed  Cotton  as  Influenced  by  Fertilizer  Placement,  1931-1938 


■ 

1931 

1932 

1933 

1934 

1933 

■ - - 

1936 

f- - 

1937 

1938 

Aver¬ 

age 

Average 
Value 
at  3.3  i 

1.  Fertilizer  in  a  band  under 

1631 

1632 

756 

758 

224 

'  769 

1357 

1330 

1057 

$37.00 

2.  Fertilizer  placed  to  the 
sides  and  below  seed  level 

1593 

1661 

1579 

1036 

946 

1259 

1471 

1425 

1371 

47.99 

3.  Fertilizer  mixed  with  the 
soil  under  seed . 

1541 

1640 

1454 

1003 

125 

1025 

1431 

1290 

1189 

_ _ 

41.62 
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Salter  (1931)  concluded  as  a  result  of  placement  studies  with  corn  in 
Ohio  that  the  fertilizer  should  be  placed  either  in  a  cttcular  band  approx,- 
mately  2  inches  wide  and  3  inches  inside  diameter,  or  in  two  parallel  bands 
each  about  2  inches  by  8  inches  and  separated  3  inches,  giving  in  either 
case  a  minimum  horizontal  distance  of  about  %  inch  between  the  seed  and 
fertilizer.  The  fertilizer  band  should  probably  be  within  a  zone  from  /4 


Fig.  155.  Applying  soluble  fertilizer 
in  irrigation  water.  (Courtesy,  Walter 
Fitts  and  the  Nebraska  Agricultural  Ex¬ 
periment  Station.) 

inch  above  to  1  inch  below  the  seed,  the  evidence  being  slightly  in  favor 
of  the  deeper  placement. 

Zimmerley  (1936)  found  that  for  snap  beans,  peas,  kale,  spinach, 
onions,  tomatoes,  early  cabbage  and  lima  beans  fertilizer  applied  in  bands 
from  2  to  3  inches  on  each  side  of  the  seed  and  1  to  2  inches  below  the 
level  of  the  seed  was  Jess  injurious  to  germination  and  gave  higher  yields 
than  other  methods  of  application. 

One  advantage  of  applying  superphosphate  in  bands  or  in  the  granu¬ 
lar  form  is  that  plant  roots  may  be  able  to  absorb  the  phosphate  before  it 
becomes  reverted.  It  seems  reasonable  to  suppose  then  that  the  band 
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methods  of  applying  complete  fertilizers  would  have  even  greater  use  on 
acid  soils. 

Skinner  (1931)  believes  that  the  best  placement  of  fertilizer  will  de¬ 
pend  in  part  upon  the  weather  conditions.  He  reports  that  with  cotton, 
during  a  dry  year,  the  most  advantageous  position  was  about  4  inches  to 
the  side  of  the  seed,  whereas  during  normal  or  wet  seasons  the  best  results 
have  been  secured  when  the  fertilizer  was  applied  2  to  3  inches  under  the 
seed  and  mixed  with  the  soil. 

The  caustic  and  hydrated  forms  of  lime,  whether  used  as  such  or  ap¬ 
plied  in  materials  like  calcium  cyanamide  or  basic  slag,  should  not  be 
placed  in  the  soil  in  direct  contact  with  seeds.  When  used  in  considerable 
amounts  such  materials  should  either  be  applied  in  advance  of  planting  or 
by  the  use  of  machinery  designed  to  separate  laterally  the  seed  and  the 
material  containing  the  lime. 

It  is  to  be  expected  that  the  band  methods  of  applying  fertilizers  would 
have  their  greatest  use  on  acid  soils  but  because  this  is  true  it  does  not 
necessarily  follow  tha,t  the  band  methods  are  best  for  properly  limed  soils. 
Only  a  general  rule  can  be  given  as  to  the  best  width  of  fertilizer  bands, 
the  best  depth  to  place  the  bands,  or  the  best  distance  between  seed  and 
band.  Bands  are  usually  made  %  inch  to  2  or  more  inches  in  width.  They 
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are  usually  placed  from  seed  level  to  1  to  2  inches  below  the  level  of  the 
seed  and  %  inch  to  2}i  inches  from  the  seed.  Likewise,  only  a  general  tule 
can  be  given  as  to  whether  continuous  bands  or  broken  bands  should  be 
used  with  hilled  crops.  It  would  seem  that  broken  bands  may  be  best  with 
light  applications  of  fertilizer,  and  continuous  bands  with  relatively  heavy 

applications. 

During  the  last  decade  many  experiments  have  been  carried  out  to  test 
different  fertilizer  placement  "patterns”  with  our  most  important  crops 
under  a  wide  variety  of  soil  and  climatic  conditions.  Certain  generali¬ 
zations  can  now  be  made  but  much  additional  work  is  needed. 

It  is  not  to  be  expected  that  a  single  pattern  of  fertilizer  placement 
would  be  found  superior  with  all  crops  and  under  all  conditions.  Never¬ 
theless,  recent  investigation  has  shown  that  under  many  conditions  and 
with  many  crops  the  placing  of  fhe  fertilizer  in  bands  at  the  sides  of  the 
seed  or  plant  has  been  the  most  efficient  placement.  In  many  investigations 
the  most  damaging  placement  has  been  direct  contact  of  fertilizer  and 
seed.  The  common  practice  of  mixing  the  fertilizer  with  the  seed  in  the 
row,  or  placing  it  under  the  seed,  has  shown  good  results  sometimes,  but 
often  the  injurious  effect  of  the  fertilizer  is  seen,  especially  if  the  soil  re¬ 
mains  fairly  dry  after  planting. 

Heavy  applications  of  fertilizer,  in  addition  to  that  put  in  the  row,  may 
be  profitable,  especially  on  soils  of  low  ionic  exchange  capacity.  Such 
applications  may  be  made  on  the  surface  of  the  soil  and  turned  under  or, 
preferably,  they  may  be  put  directly  in  the  bottom  of  the  furrow.  Tiedjens 
(1945)  repotted  not  only  good  results  in  New  Jersey  from  plowing  under 
fertilizers,  but  he  secured  even  better  results  when  the  fertilizer  was  applied 
in  solution  in  the  plow  furrow. 

Recommendations  of  the  Joint  Committee  on  Fertilizer 

Application 

Following  six  years  of  study  the  National  Joint  Committee  on  Fertilizer 
Application  published  (1938)  its  recommendations  on  methods  of  apply¬ 
ing  fertilizers.  The  recommendations  for  some  field  and  horticultural 
crops  are  given  below. 

"Cotton:  Fertilizers  when  applied  simultaneously  with  planting  of  the  seed 
should  be  placed  in  narrow  bands  approximately  2%  inches  to  one  or  both  sides 
of  the  seed  row  and  1 to  2  inches  below  the  level  of  the  seed. 

"Corn:  When  corn  is  check-planted,  the  fertilizer  should  be  dropped  at  the 
hill  and  not  drilled.  Hill  applications  are  best  placed  in  bands  6  to  8  inches  long 
on  each  side  of  the  seed  and  separated  from  it  by  3^  to  1  inch  of  fertilizer-free  soil 
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Fig.  157.  Effect  of  row  fertilization  of  the  early  growth  of  corn.  ( Center )  Com¬ 
plete  fertilizer  applied  in  the  row.  ( Right  and  left)  Complete  fertilizer  broadcast. 
(Courtesy,  A.  G.  Weidman  and  the  Michigan  Agricultural  Experiment  Station.) 


and  in  a  depth  zone  from  1  inch  below  to  slightly  above  the  seed  level.  Narrow 
bands,  1  inch  or  less  in  width,  are  satisfactory  for  quantities  up  to  200  pounds 
per  acre.  For  heavier  rates  the  width  of  band  or  the  lateral  separation  of  seed  and 
fertilizer  should  be  increased. 

"For  drilled  corn  the  fertilizer  should  be  drilled  uniformly  in  continuous 
bands  in  the  same  relative  position  as  suggested  for  hill  applications.  Placement 
close  to  the  seed  is  less  damaging  with  heavy  applications  by  the  drilling  method 
than  with  hill  application. 

"Tobacco:  Fertilizer  should  be  applied  in  bands  about  3  inches  to  each  side 
of  the  row  at  a  depth  of  1  inch  below  the  root  crown  of  the  plant.  In  cases  where 
the  ordinary  simple  distributors  are  employed  in  existing  practices,  precaution 
should  be  exercised  to  avoid  too  great  a  concentration  of  the  fertilizer  immediately 
under  or  around  the  seedling  roots. 

"Potatoes:  Fertilizer  should  be  applied  in  bands  on  each  side  of  the  seed  piece 
with  2  inches  of  fertilizer-free  soil  interposed.  The  fertilizer  bands  should  be  on 
a  level  with  or  slightly  below  the  seed  piece.  On  sloping  land,  in  order  to  avoid 
fertilizer  shifting  too  close  to  the  seed,  it  is  recommended  that  the  depth  of 
fertilizer  placement  be  about  an  inch  below  the  seed  level 

"Snap  beans:  Fertilizer  should  be  applied  in  bands  1/ 2  to  2  inches  to  eac 
side  of  the  seed  and  1  to  \lA  inches  below  the  seed  level.  . 

"Lima  beans:  Fertilizer  should  be  applied  in  bands,  2  inches  to  each  side  of 

the  seed  and  1  inch  below  seed  level.  . 

"Peas-  Fertilizer  should  be  applied  in  bands,  2  inches  to  each  side  and  1  inch 
below  seed  level  for  peas  planted  in  wide  rows,  using  a  bean  planter  and  not  a 
Pram  drill  For  canning  peas,  planted  in  narrow  rows,  in  the  eastern  part  of  the 
&  States  placement  2j^  inches  to  one  side  and  X  inch  below  the  seed  level 
with  a  grain  drill  is  recommended.  No  definite  recommendations  are  being  made 

f°r  "Kak'anctsflad  mens:  Fertilizer  should  be  placed  in  bands  2  to  4  inches  to 
eachSe  of  the"!  and  2  inches  below  the  seed  level  on  soils  where  fertilizer 

iS  n“w»J-ti^iHzePr1ThouH  be  applied  in  bands,  midway  between  the  rows 
and  fmcfes  ^  if  rows  are  not  Ire  than  9  inches  apart,  where  as  much  as 
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1,000  pounds  of  fertilizer  to  the  acre  is  used.  It  should  be  applied  in  bands  2  to 
3  inches  to  the  side  of  the  tow  and  2  inches  deep  for  wider  tows,  or  where  light 

applications  of  fertilizer  are  made  for  narrow-row  plantings. 

"Field  beans:  The  fertilizer,  even  at  the  comparatively  low  rates  of  application 
ordinarily  used,  should  be  separated  from  the  seed  and  in  the  light  of  present 
results  should  be  placed  in  a  band  at  a  depth  1^  to  2  inches  below  the  seed  level 
either  directly  under  or  not  more  than  \x/i  inches  to  the  side  of  the  seed. 

"Sugar  beets:  Observations  indicate  that  sugar  beet  roots  extend  rapidly  down¬ 
ward  but  slowly  horizontally.  It  has  been  definitely  indicated  that  early  benefit 
of  fertilizer  to  the  young  seedlings  is  advantageous.  Thus  the  placements  showing 
greatest  promise  to  date  for  average  conditions  are  those  in  which  the  fertilizer 
does  not  adversely  affect  seed  germination  yet  is  in  a  position  to  stimulate  the 
young  seedling,  such  as  application  in  a  band  1  to  2  inches  below  the  seed  level, 
either  directly  under  the  seed  or  to  1  inch  to  the  side  of  the  row.  This  is  a 
tentative  recommendation  and  subject  to  change  when  additional  experimental 
results  are  obtained.” 


Influence  of  Fertilizer  on  the  Cold  Resistance  of  Plants 

Truog  and  Harper  (1923),  ar  the  Wisconsin  Experiment  Station,  have 
demonstrated  that  the  use  of  fertilizer  may  lower  the  freezing  point  of  the 
soil  solution  as  much  as  3°  to  4°  F.  In  climates  similar  to  that  of  Wisconsin 
this  difference  often  means  the  difference  between  a  stand  of  corn  and  a 
"freeze  out”  during  a  late  spring  cold  spell. 

Influence  of  Salt  Concentration  on  Crop  Development 

In  certain  unpublished  and  published  data  secured  at  the  New  Jersey 
Experiment  Station,  Codings  (1927)  was  able  to  demonstrate  that  al¬ 
though  good  germination  of  soybeans  may  be  secured  when  high  rates  of 
application  of  fertilizer  salts  are  applied,  the  roots  of  seedlings  soon  be¬ 
come  stunted  and  injured,  probably  as  a  result  of  plasmolysis  induced  by 
the  high  concentration  of  the  soil  solution.  Other  investigators  have  made 


Fig  158.  Cotton  photographed  May  14,  1932.  Fertilizer  placement  test.  Ferti- 
lzer  placed  in  (l)  3. 5-inch  band— 3.0  inches  below  seed;  (2)  3.5-inch  band  4 

seed6^^0^5^5  .(3),  bands  L5  inches  to  each  side — 3  inches  below  level  of 

iTr’ur  ,ndS  1  lnC,  es  t0  each  s'de  2  inches  below  level  of  seed.  (Courtesy 
South  Carolina  Agricultural  Experiment  Station.) 
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Fig.  159.  Showing  the  difference  in  size  of  Bluegill  Bream  due  to  food  supply. 
Both  of  these  fish  are  18  months  old.  The  one  above  grew  in  a  fertilized  pond.  The 
one  below  grew  in  an  unfertilized  pond.  (Courtesy,  Alabama  Agricultural  Experi¬ 
ment  Station.) 

similar  observations.  Root  burn  may  result  from  lower  fertilizer  concentra¬ 
tions  of  the  soil  solution  than  is  capable  of  producing  serious  injury  to 
germination.  Some  salts,  when  present  in  low  concentrations,  appear  to 
cause  injury  by  interfering  with  the  metabolism  of  the  plant  while  others 
do  not  seem  to  injure  the  plant  until  an  osmotic  pressure  in  the  soil  solu¬ 
tion  is  produced  that  is  greater  than  that  of  the  cell  sap. 

Ross  and  White  (1939)  found  that  the  order  in  which  some  commonly 
used  fertilizer  materials  fall  when  arranged  according  to  their  effect  per 
unit  of  total  plant  food  in  changing  the  concentration  of  the  soil  solution 
was  that  given  in  the  following  table. 


Table  139 


Ascending  Order  of  Some  Common  Fertilizer  Materials 
When  Arranged  According  to  Their  Effect  per  Unit  of 
Plant  Food  in  Changing  the  Concentration  of  the  So 


Qr'il  I  IT  TOM 


Order 

Fertilizer 

Order 

1 

Double  superphosphate 

8 

2 

Monocalcium  phosphate 

9 

3 

Ordinary  superphosphate 

10 

4 

Free  ammonia 

11. 

5 

Cottonseed  meal 

12 

6 

Potassium  sulfate 

13 

7 

Potassium  nitrate 

14 

Fertilizer 

Urea 

Potassium  chloride 
Ammonium  nitrate 
Ammonium  sulfate 
Manure  salt 
Sodium  nitrate 
Kainite  
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In  all  sections  of  the  country  where  commercial  fertilizer  salts  are  used 
the  firing  of  crops  has  been  observed.  Firing  under  natural  field  conditions 
appears  to  be  an  injury  resulting  from  drouth.  During  dry  periods,  as 
water  is  removed  from  the  soil  by  evaporation  from  the  surface  of  the  soi 
and  by  transpiration  by  plants,  the  concentration  of  the  soil  solution  be¬ 
comes  increasingly  greater  until  a  point  is  reached  when  the  crop  is  unable 
to  secure  sufficient  water  and  the  symptoms  of  firing  result.  As  conditions 
producing  firing  are  reached  more  quickly  in  soils  containing  soluble  salts, 
it  is  natural  to  expect  that  crops  will  "fire”  more  quickly  on  soils  which 
have  received  fertilizers,  especially  those  with  a  high  soluble  salt  content. 
Also,  it  is  probable  that  such  injury  is  greater  on  the  drier  lands  of  the 
West  than  on  the  humid  soils  of  the  East.  Kansas  farmers,  for  instance, 
have  not  been  able  so  far  to  apply  soluble  nitrogen  and  potash  fertilizers 
successfully,  although  soluble  phosphates  are  applied  advantageously  to 
their  wheat  crops.  This  may  be  due  in  part  to  the  limited  rainfall  of 
Kansas. 

Fertilization  of  Fish  Ponds 

• 

During  the  last  few  years  considerable  interest  has  been  manifested 
in  the  fertilization  of  farm  fish  ponds  for  the  production  of  fish.  Many 
ponds,  varying  in  size  from  an  acre  to  two  or  three  acres,  have  been  built 
according  to  the  specifications  of  various  governmental  agencies.  These 
specifications  usually  provide  that  the  lowest  point  in  the  pond  be  at  least 
5  feet  deep,  so  that  during  hot  weather  the  fish  can  seek  cool  depths,  but 
that  much  of  the  area  under  water  be  relatively  shallow  so  as  to  provide 
the  best  feeding  grounds  for  the  fish. 

As  fish  feed  largely  upon  microscopic  life,  the  abundance  of  fish  in  a 
pond  is  determined  largely  by  the  quantity  of  the  microscopic  plant  and 
animal  life  present  and  the  quantity  of  microscopic  plant  life  present  in  a 
pond  is  determined  largely  by  the  amount  of  the  plant  nutrients,  nitrogen, 
phosphoric  acid,  and  potash  that  may  be  present  in  the  water  of  the  pond. 
Fish  culturists  have  shown  that  economically  it  is  a  sound  practice  to 
apply  commercial  fertilizers  to  the  surface  of  the  water  for  the  purpose  of 
supplying  these  nutrients. 

The  fertilization  offish  ponds  should  necessarily  vary  depending  upon 
the  location  of  the  pond,  the  depth  of  the  pond,  and  the  composition  of 
the  water  entering  the  pond.  About  400  to  500  pounds'per  acre  ►per  year,  of 
a  complete  fertilizer  is  generally  recommended.  The  fertilizer  should’ be 
applied  to  the  water  surface  in  split  applications  during  the  spring  or 
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Fig.  160.  Fertilizer  being  applied  to  a  small  fish  pond.  Fertilized  fish  ponds 
yiefd  pleasure  and  profit.  (Courtesy,  B.  S.  Swingle  and  the  Alabama  Agricultural 
Experiment  Station.) 

early  summer.  It  is  sometimes  best  to  scatter  the  fertilizer  about  the  edges 
of  the  pond  so  that  rains  will  carry  it  into  the  pond  gradually. 

Tests  conducted  at  the  Alabama  Experiment  Station,  as  reported  by 
Robertson  (1939),  have  shown  that  as  much  as  580  pounds  ot  fish  per  acre 
of  pond  can  be  produced  annually  by  proper  fertilization.  The  Alabama 
Experiment  Station  recommends  using  100  pounds  per  acre  of  a  commer¬ 
cial  mixture  analyzing  6-8-4,  together  with  10  pounds  of  sodium  nitrate, 
at  weekly  intervals  during  the  spring  and  at  four-  to  eight-week  intervals 
during  the  remainder  of  the  summer.  The  aim  of  fertilization  should  be  to 
keep  the  microscopic  plant  life  of  the  pond  at  such  a  concentration  that 
the  pond  water  presents  a  slightly  greenish  cast. 
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comparison  of  bonemeal  and  super¬ 
phosphate  with,  179 
efficiency  of,  180 
fertilizing  value  of,  179 
first  produced,  3 
manufacture  of,  176 
meal,  177 
open-hearth,  177 
physical  properties  of,  177 
quantity  to  apply,  179 
Bat  guano,  124 

Biological  tests  for  determining  fertilizer 
needs,  423 
Black  alkali,  337 
B-liquor,  222 
Bone,  acidulated,  3 
ash,  175 
black,  175 
char,  175 
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Bone,  composition  of,  172 
dissolved,  175 
dust,  174 
ground,  2 

phosphate  of  lime,  172 
precipitated,  174 
sources  of,  172 
tankage,  117 

characteristics  of,  117 
vitriolated,  175  , 

Bonemeal,  raw,  173 
steamed,  173 
value  of,  175 
Bones,  1 

"Book  of  the  Rothamsted  Experiments,”  5 
Borax,  application  of,  314,  317 
Boron,  American  soils  low  in  their  content 
of,  311 

amounts  to  apply,  318 
application  of,  314 

availability  of,  influence  of  pH  on  the, 
316 

deficiency  symptoms  of,  facing  p.  294 
essential  nature  of,  308 
in  areas  in  United  States,  showing  de¬ 
ficiency  of,  313 
in  South  Carolina  soils,  309 
influence  on  plant  growth  of,  311 
loss  from  soil,  318 
plant  content  of,  310 
plant  deficiency  symptoms  of,  facing  p. 
298,  311 

plant  response  to,  316,  319 
soil  content  of,  310 
toxicity  of,  312 
Bovung,  125 
Brands,  fertilizer,  377 
Broadbalk  Field,  19,  46 
Broadcasting  of  fertilizers  in  hilly  areas,  468 
Bronzing  of  citrus,  299 
Brown  manure,  435 

C 

Caking  of  mixed  fertilizers,  56 
Calcined  phosphate,  194 
Calcite,  solubility  of,  291 
Calcium,  beneficial  functions  of,  340 
essential  for  plants,  284 
forms  applied  to  soil,  285 
in  leached  soil,  285 


Calcium,  loss  from  the  soil  of,  290 

nitrogen  assimilation  as  influenced  by, 
341 

plant  deficiency  symptoms  of,  292 
Calcium  cyanamide,  amounts  to  apply,  97 
in  mixed  goods,  89 
change  in  storage  of,  88 
changes  in  the  soil  of,  90,  91 
characteristics  of,  87 
granular,  87 
powdered,  95 
composition  of,  87 
decomposition  in  soil  of,  92 
drilling  properties  of,  87 
essential  for  plants,  284 
forms  applied  to  soil,  285 
how  to  apply,  95,  96 
in  leached  soil,  285 
influence  on  soil  macroorganisms,  92 
loss  from  the  soil  of,  290 
residual  influence  of,  95 
use,  as  a  defoliant,  93 
as  a  herbicide,  93 
in  mixed  goods,  88 
in  tobacco  beds,  94 

Calcium-magnesium  ratio,  in  plants,  297 
in  soils,  297 

Calcium  metaphosphate,  191 
fused  rock  phosphate  vs.,  197 
Calcium  nitrate,  accumulations  in  soil  of, 
28 

availability  of,  86 
,  characteristics  of,  84 
color  of,  85 
graining  of,  85 
hygroscopic  character  of,  87 
manufacture  of,  84 
preparation  of,  38 
use  of,  86 

Calcium  phosphate  deposits,  origin  of,  149 
potassium  phosphate  vs.,  212 
Caliche,  composition  of,  31,  32 
refining  of,  33 

Guggenheim  process,  34 
Shanks  process,  34 
Cal-Nitro,  70 
Calsi-Ureor,  97 
Calurea,  100 
Calx,  31 

Carbon-nitrogen  ratio,  114 
Carnallite,  252 
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Cash  crop  system  of  fertilization,  420 
Castor  pomace,  129 
Cauliflower,  browning  of,  312 
Celery,  cracked  stem  of,  312 
Chalk,  1 

Character  of  crop  and  fertilizer  use,  391 
Chemical  fertilizers,  1 
salts,  use  of,  1 
Chilean  nitrate  industry,  36 
Chlorides,  effect  on  potatoes,  268 
Chlorine,  in  rainwater,  333 
plant  response  to,  332 
tobacco  response  to,  333 
Chlorosis,  in  fruit  trees,  303 
lime  induced,  303 

Citrate-soluble  phosphoric  acid,  364 
Citrus,  bronzing  of,  299 
mottle  leaf  of,  324 
Classes  of  fertilizer  factories,  369 
Clemson,  toast  g;ven  by,  227 
Coal,  distillation,  by-products  secured 
from,  53 

gas,  recovery  of  ammonia  from,  52 
Cobalt,  use  as  a  fertilizer,  335 
Cocoa-cake  meal,  131 
Coke  ovens,  52 

Coking  of  coal,  methods  used  in,  51 
Cold  resistance  of  plants,  influence  of  fer¬ 
tilizer  on,  471 

Commercial  fertilizers,  availability  of,  420 
value  of,  371 

Complete  fertilizers,  advantages  and  dis¬ 
advantages  from  use  of,  378 
composition  of,  383 
manufacture  of,  366 
retail  price  of,  374 

Composition,  of  cotton  plant  at  various 
stages  of  growth,  446 
of  potato  plant  at  various  stages  of 
growth,  446 

Compost,  soil,  manure,  and  sulfur,  169 
Congelo,  31 

Content  of  plant  food  in  fertilizer,  354 
Continuous  cropping,  effect  of,  390 
Conversion  factors,  381 
Copper,  amounts  of  in  plants,  319 
'an  essential  element,  319 
fertilizers,  application  of,  321 
function  of  in  plants,  319 
in  soils,  320 

plant  deficiency  symptoms  of,  facing  p. 
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Copper,  plant  response  to,  320 
sulfate,  application  of,  317 
use  of,  319 
toxic  effects  of,  321 
Copra-cake  meal,  131 
Coprolites,  160 

Corn,  potash  deficiency  in,  264 
whitebud  of,  323 
Costra,  31 
Cotton  rust,  242 
Cottonseed  meal,  129 
Cranberry  pomace,  131 
Crop  increase  due  to  fertilizer,  386 
Crop  residues,  fertilizing  value  of,  437 
Crotolaria,  130 

Cunninghamella,  plaque  method,  425 
Cyanamid,  application  of,  86 
Cyanamide  process,  75 

D 

Deliquescent  fertilizer  salts,  359 
Density  of  some  fertilizer  materials,  456 
Depth  of  fertilizer  applications,  45 
Diagnosing  nutrient  deficiencies,  422 
Diammonium  orthophosphate,  103 
Dicalcium  phosphate,  207 
Dicyanodiamide,  91 
Dieback,  321 

Direct  synthetic  ammonia  process,  77 
Haber-Bosch  method,  78 
Dolomite,  286 
calcined,  297 
solubility  of,  291 
superphosphate  action  on,  300 
Double  manure  salt,  255 
Double-strength  mixed  fertilizers,  109 
Double  superphosphate,  191 
Dried  blood,  black,  116 
characteristics  of,  116 
red,  116 
sources  of,  115 

Drillability,  influence  of  particle  size  and 
density  on,  455 
Dry-mix  process,  367 
Duff  briquette,  139 

E 

Efficiency  of  fertilizer  application,  factors 
controlling,  456 
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Electro-metric  determination  of  pH,  438 

Electromotive  series,  nutrient  absorption 
as  influenced  by,  421 

Emjeo,  300 

Equivalent,  acidity  of  fertilizers,  343 
basicity  of  fertilizers,  343 

Estimating  fertilizer  needs,  404 

F 

Factories,  fertilizer,  367 
number  of,  369 

Farm  animals,  fertility  lost  from  farm  sale 
of,  438 

Feldspar,  plant’s  ability  to  secure  potash 
from,  243 
potash  sources,  242 

Fertilizer,  agricultural  value  of,  370 
in  Europe,  21 
amount  to  apply,  453 
application,  broadcast  vs.  applied  in  row, 
470 

efficiency  of,  456 
bags,  370 
boards,  377 
brands  of,  359 
briquette,  139 
carriers  of,  359 
catalytic,  351 

cause  of  poor  mechanical  condition,  89 
color  of,  371 
commercial  value  of,  371 
companies,  capital  invested  in,  number 
of,  10 

complete,  352 

composition  of,  383 
manufacture  of,  366 
purchase  of,  378 
composition  of,  11,  355 
concentrated,  353 
manufacture  of,  27 
consumption,  12,  14,  15,  385 
by  crops,  385 
by  states,  22 
in  Europe,  19 
of  the  world,  20 
possibilities  of,  27 

containing  two  or  more  nutrients,  103 
cost  of,  reducing,  413 
crop  consumption  of,  24 
definition  of,  351 


Fertilizer,  density,  460 
direct,  355 

distributing  machinery,  458 
double  strength,  453 
equivalent  acidity  of,  343 
basicity  of,  343 
factories,  367 
factory  mixed,  366 
fish,  125,  126 

characteristics  of,  127 
king  crab,  127 
menhadin,  126 
formulas,  365 

calculation  of,  441 
function  of,  384 
governmental  monopoly  of,  25 
grades,  commonly  used,  454 
sold  in  United  States,  357,  359 
standardization  of,  376 
guarantee  required  by  law,  362 
high-analysis,  409 
saving  from,  377 
how  shipped,  370 
how  to  mix,  440 
indirect,  351 

industry,  during  the  twentieth  century, 
7 

location  of,  11 

relation  to  other  industry,  18 
influence,  on  cold  resistance  of  plants, 
471 

on  seed  germination,  462 
on  soil  concentration,  463 
irregular  distribution,  effects  arising 
from,  461 
laws,  361,  362 
value  of,  362 

materials,  available  in  1900,  4 
methods  used  in  applying,  448 
minerals,  reserves  of,  25,  26 
mixed,  352 

first  manufactured,  4 
nitrogen  in,  414 
rarer  elements  in,  411 
sources  of  nitrogen  in,  218 
monopoly,  control  of,  36 
needs,  404 
neutral,  360 

nitrogen,  forms  of,  112 
sources  of,  141 
nitrogenous,  choice  of,  406 
influence,  on  corn,  142 
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Fertilizer,  nitrogenous,  influence,  on  cot¬ 
ton,  142,  144 
proteid  organic,  141 
nutrients,  loss  of,  by  cropping,  13,  16 
by  erosion,  16 
in  drainage  water,  13 
nutritive,  351 
object  of  using,  384 
odor  of,  371 
ordinary-analysis,  409 
organic,  determination  of  quality,  113 
relative  value  of,  118 
utilization  as  feed,  113 
phosphatic,  choice  of,  408 
phosphorus  composition  of,  276 
physical  characteristics  of,  445 
physiologically  acid,  342 
basic,  407 

placement,  influence  on  yield  of,  466 
plant,  368,  374 
capacity,  13 
Muscle  Shoals,  75 
potash,  choice  of,  409 
price  of,  374 
primary  function  of,  384 
principal  materials  used  in  1943,  9 
problems,  442 
production  of  neutral,  360 
purchase  of,  351,  378 
ratio,  365,  436 
saturation  point  for,  26 
single  materials,  use  of,  382 
solubility  in  water,  421 
solution,  application  of,  102 
special,  352 
standard,  352 
state  consumption,  21 
studies,  scope  of,  435 
sulfur  composition  of,  276 
trade  values,  372 
use,  384 

in  foreign  countries,  18,  19 
in  northern  states,  14 
in  southern  states,  15 
where  placed  in  soil,  465 
where  used,  21,  23 
wholesale  price,  372,  375 
world  consumption  of,  20 
Fertilizing  system  based  on  composition 
of  plant  ash,  416 
Filler,  consumption  of,  380 


Filler,  fertilizer,  379 
Firing  of  corps,  473 
Fish,  acid,  127 
acidulated,  127 
fertilizer,  125 

influence  of  fertilization  of  pond  water 
on,  472 

ponds,  fertilization  of,  473 
how  to  fertilize,  474 
influence  of  fertilizer  in,  412 
scrap,  127 

Flax,  dieback  of,  321 
Floats,  162 
Floranid,  97 

Florida  phosphate,  hard  rock,  157 
land  pebble,  151 
Flue  dust,  potash  from,  233 
Fluorapatite,  149 

Fluorides,  phosphate  reversion  caused  by, 
300 

Fluorine,  content  of  soil,  200 
in  phosphate  rock,  183 
Formula,  fertilizer,  365 
French  sources  of  potash,  249 
Furrow  bottom  application  of  fertilizer,  459 
Fused  rock  phosphate,  196 

G 

Garbage  tankage,  128 
Georgia  shale,  composition  of,  242 
potash  from,  241 

German,  potash  deposits,  under  foreign 
control,  259 
sources  of  potash,  249 
Germination  of  seeds,  influence  of  fer¬ 
tilizer  on,  445,  462 

Grade,  353 
high-analysis,  353 
ordinary,  353 
Grades,  prices  of,  374 
standardization  of,  376 
Granulated  materials,  360 
Granulation,  processes  of,  360 
Grapes,  little  leaf  of,  324 
Gray  speck  disease,  307 
Green  manure,  435 
reinforced,  131 

Green  manuring,  practice  of,  436 
Greensand,  potash  in,  240 
recovery  of  potash  from,  240 
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Ground  leather,  119 
Growth  regulators,  397 
Guano,  1,  351 
bat,  124 

characteristics  of,  124 
characteristics  of,  122 
Chilean,  2 
deposits  of,  121 
dissolved,  123 
fortified,  124 
importation  of,  first,  2 
nitrogenous,  123 
Peruvian,  2,  121 
phosphatic,  123 
rectified,  123,  124 
sources  of,  120 
whale,  126 
Guanyl-urea,  92 

Guarantee,  methods  employed  in  report¬ 
ing,  363 

order  of  reporting,  364 
Gypsum,  how  to  apply,  283 
in  superphosphate,  193 
solubility  of,  influence  of  lime  on,  281 
sulfuric  acid  from,  283 
use  of,  280 

in  correcting  toxicity,  282 
on  black  alkali,  282 
with  farm  manure,  282 

H 

Haber-Bosch  process,  modifications  of,  80 
Hair  and  wool  waste,  119 
Hardsalz,  253 
Hatch  Act.  5 
Herbicide,  268 
High-analysis  fertilizer,  353 
Home-mixing  of  fertilizers,  439 
Hoof  and  horn  meal,  119 
Hopkins  system,  416 
Hormones,  fertilizing  value  of,  397 
root,  399 
Humus,  136 
Hydrated  lime,  286 

Hydrogen,  value  in  colloidal  complex,  423 
Hydroponics,  457 

I 

Illinois  system  of  fertilization,  416 
Imhoff  sewage  sludge,  129 


Industry,  potash,  beginning  of,  8 
Influence  of  salt  concentration  on  crop 
development,  463 

International  Institute  of  Agriculture, 
founding  of,  6 

International  Society  of  Soil  Science, 
founding  of,  7 

Iron,  function  in  plant  of,  302 
content  of  soil,  303 

influence  of,  decomposing  organic  mat¬ 
ter  on  the  soil,  147 
soil  reaction  on  solubility,  348 
phosphate,  177 

plant  deficiency  symptoms  of,  facing  p. 
293 

soil  content  of,  302 
soil  deficiency  of,  302 
spraying  planrs  with,  302 
substitution  by  manganese,  302 
toxic  compounds  of,  304 
Irregular  distribution  of  fertilizer,  causes 
of,  458 
effects  of,  463 

J 

Jordan  fertility  plats,  60,  390 
results  from  the,  63,  64 
Juno  spots,  455 

K 

Kaiilite,  253 
Kaolinite,  334 
Kelp,  235 

Key  to  nutrient  deficiency  symptoms,  400, 
401,  402 
King  crab,  127 

L 

Land  plaster,  280 
Langbeinite,  252 
washed,  255 

Lawes’  Agricultural  Trust,  5 
Laws  governing  fertilizer  sale,  361 

provisions  common  to  most  fertilizer, 

.  362 

Leather,  characteristics  of,  119 
source  of,  119 

Lesulfonitrate  d'ammoniaque,  101 
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Leucite,  chemical  composition  of,  245 
Leunaphos,  106 
Leunasalpeter,  100 
Lime,  amount  to  apply,  289 
burnt,  286 

changes  in  soil  of,  290 
forms  of,  286 
how  to  apply,  291 

influence  of  potassium  fixation  of,  292 
placement  in  soil  of,  468 
practice  of  applying,  287 
reduction  of  soluble  aluminum  in  the 
soil  due  to,  348 

requirement,  influence  of  phosphates  on, 
208 

use,  as  soil  amendment,  287 
in  fertilizers,  361 
on  pastures,  290 
when  to  apply,  291 
Lime-nitrogen,  87 

Limestone,  dolomite,  use  in  fertilizer,  342 
filler,  204 

tricalcium  phosphate  in,  148 
Liming,  crop  response  to,  293 

boron  deficiency  as  influenced  by,  349 
manganese  deficiency  as  influenced  by, 
352 

problems  arising  from  overliming,  349 
Limiting  element  for  plant  growth,  433 
Linde  process  of  securing  nitrogen,  79 
Linseed  meal,  130 
Liquid  manure,  111 
Liquors,  ammonia,  sources  of,  218 
Localized  placement  of  fertilizer,  451 
Lords  Proprietors,  5 
Lysimeters,  148 

M 

Machinery,  fertilizer  distributing,  458 
types  of  feeds  in,  460 
types  of  fertilizer  distributing,  460 
Magnesia,  soil  used  for,  227 

amount  tobacco  fertilizers  should  carry, 
300 

Magnesite,  296 

Magnesium,  absorption  of  phQSphorus 
influenced  by,  295 

area  in  United  States  deficient  in,  294 
beneficial  functions  of,  340 
content  of  soils  of,  295 


Magnesium,  deficiency  of,  298 
symptoms  of,  305 
fertilizers  carrying,  271 
function  in  plants,  294 
in  drainage  water,  295 
loss,  by  leaching  of,  298 
in  drainage  water,  299 
materials  carrying,  296 
molar  solubility  compounds  of,  299 
phosphate,  availability  of,  198 
Manganese,  an  essential  element,  304 
application  of,  307 

areas  in  United  States  showing  defi¬ 
ciency  of,  313 
availability  of,  307 

deficiency  symptoms  of,  facing  pp.  294, 
296 

functions  of,  294 

influence  on  plant  growth  of,  306 

manganous,  305 

phosphate,  availability  of,  198 

soil  content  of,  305 

sulfate,  307 

Manganous-manganic  equilibrium,  307 
Manure,  barnyard,  conservation  of,  132 
composition  of,  133  • 
how  to  store,  133 
quantity  to  apply,  135 
reinforcement  of,  134 
when  to  apply,  134 
cattle,  125 
goat,  125 

green,  reinforced,  131 
manganese  content  of,  306 
pits,  131 
poultry,  125 
pulverized,  125 

reinforcing  of,  phosphate  rock,  168 
phosphate  rock  and  superphosphate, 
168 

residual  effects  of,  135 
sheep,  125 
synthetic,  135 

preparation  of,  136 
time  of  applying,  134 
use  of,  132 
Marl,  greensand,  241 
Materials,  granulated,  360 
Meat  meal,  characteristics  of,  117 
source  of,  117 

Menhaden,  composition  of,  125 
Metaphosphate,  calcium,  191,  288 
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Metaphosphate,  potassium,  191,  ^88 
Methods  used  in  applying  fertilizers,  449 
Milorganite,  129 
Mineral,  colloids,  152 
content  of  wheat,  419 
phosphates,  150 
sources  of,  148 
use  of,  148 

Minimum  ammoniation,  223 
Molybdenum,  an  essential  element,  325 
Monoammonium  orthophosphate,  103 
Monticello,  8 
Montmorillonite,  334 
Morrow  fertility  plats,  30 
Muck,  136 

Muriate  of  potash,  derivation  of  word,  255 
in  Nebraska  lakes,  brines  of,  237 
manufacture  of,  253,  254 

N 

Neubauer  test,  423 

Neutral  fertilizers,  production  of,  360 
Nitrate,  deposits  of,  28 
negatively  charged,  407 
nitrogen,  leaching  of,  62 
value  to  plants,  60 
of  soda,  28 

Nitric  acid,  production  of,  80 
Nitric  vs.  ammonic  nitrogen,  63 
Nitrification,  59 
Nitro-chalk,  70 
Nitroganic,  129 
Nitrogen,  atmospheric,  80 
available,  364 
carbon  ratio,  146 

chemical,  world  capacity  to  produce,  82, 
83 

content,  in  plants,  393 
of  American  soils,  389 
deficiency,  plant  characteristics  showing, 
393 

fixation,  arc  process,  74 
cyanamide  process,  75 
direct  synthetic  ammonia  process,  77 
Haber-Bosch  process,  78 
processes  of,  73 

fixed,  capacity  of  United  States  to  pro¬ 
duce,  73 

in  atmosphere,  74 
influence  on  plant  growth,  392 


Nitrogen,  loss  fropi  soil,  407 
proteid  organic,  use  of,  141 
recovery  by  plants,  145,  407 
relative  value  of  various  carriers,  63 
soil  decrease  of,  80 
solutions,  218 
sources  in  fertilizer,  219 
wholesale  prices  of,  220 
world  consumption  of,  20 
Nitrogenous  fertilizer,  air-derived,  value 
of,  109 

proteid  organic,  145 
value  of,  146 
relative  value  of,  71,  147 
synthetic,  characteristics  of,  81 
manufacture  of,  73 
use  of,  73 
Nitrolim,  87 
Nitrolime,  87 
Nitrophoska,  108 
Nitropo,  108 

Nonessential  elements  found  in  plants,  326 
Norwegian  saltpeter,  84 
Nutrient,  availability,  409 
content  of  crops,  417 
deficiency  symptoms  in  corn,  428 

O 

Odorless  phosphate,  177 
One-lime  phosphate,  191 
Open  formula  guarantee,  365 
Open-hearth  basic  slag,  178 
Organic  compounds,  plant  utilization  of, 
147 

fertilizers,  109 

matter  content  of  soil,  adjusting,  349 
influence  on  physical  properties  of 
soil  of  the,  350 
loss  of,  350 
value  of,  350 

nitrogenous  fertilizers,  sources  of,  112 
uses  of,  112 

Organophosphates,  202 

Oswald  process  of  making  nitric  acid,  80 

Overliming,  problems  arising  from,  349 

P 

Packer's  tankage,  118 
Particle  size,  influence  of,  455 
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Pasture  plants,  phosphorus  content  of,  403 
Patterns,  fertilizer  placement,  469 
Peanut  meal,  131 
Pearl  ash,  226 
Peat,  136,  138 
ammoniated,  139 
productivity  of,  138 
Pecans,  rosette  of,  323 
Pedalfers,  338 
Pedocals,  338 

Pendleton  Farmers’  Society,  227 
Permanganate  method,  alkaline,  113,  114 
neutral,  113,  114 

Permian  basin,  potash  reserves  of,  247 
pH,  determinations,  438 

levels  in  soils,  cotton  yields  as  influenced 
by,  294 
values,  336 

in  root  sap,  338 
of  American  soils,  338 
Phos  Cal  Oids,  152 
Phosphate,  255 

aluminum,  availability  in  soil  of,  196 
availability,  influence  of  anion  exchange 
on,  198 

basic  slag,  use  of,  178 
blue,  composition  of,  153 
bone,  172, 

sources  of,  172 
uses  of,  172 
boulder,  151 
brown,  153 
calcined,  194 
cupric,  322 

deposits,  Arkansas,  157 
Florida,  151 
foreign,  160 
Idaho,  157 
Kentucky,  157 
Montana,  157 
North  African,  160 
organic  origin  of,  150 
replacement,  150 
residual,  150 
Russian,  161 
South  Carolina,  155 
composition  of,  155 
land  phosphate,  155 
river,  155 
sedimentary,  150 
Tennessee,  153 


Phosphate,  deposits,  Utah,  157 
Wyoming,  157 
dicalcium,  207,  288 
Florida,  Hard  Rock,  151 
land  pebble,  151 
composition  of,  152 
mining  of,  164 
river  pebble,  151 
soft,  151 

composition  of,  152 
types  of,  151 
fused,  288 

iron,  availability  in  soil  of,  196,  198 

magnesium,  availability  of,  300 

manganese,  availability  of,  306 

meaning  of  term,  181 

mineral,  150 

native,  182 

one-lime,  191 

organic,  202 

organo,  202 

pond,  152 

precipitated,  194 

production  of,  governmental  control  of, 
160 

relative  value  of,  198 
replacement,  150 
reserves  of  United  States,  159 
residual,  150 

reversion,  factors  influencing,  199 
influence  of  fluorine  on,  200 
of  dicalcium,  195 
of  monocalcium,  195 
rock,  acidity  neutralizing  effect,  342 
application  of  manure  with,  168 
availability  of,  influence,  of  accom¬ 
panying  salts  on,  167 
of  acidity  of  cell  sap  on,  167 
of  fineness  on,  163 
of  liming  on,  166 
of  manure  on,  168 
consumption  by  farmers,  171 
crop-producing  value  of,  210 
decomposition  of,  with  alkali,  193 
with  silicate,  193 
exportation  of,  8 
Florida,  composition  of,  153 
ground,  amount  to  apply,  170 
application  of,  170 
availability  of,  171 
composition  of,  162 
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Phosphate,  rock,  ground,  how  applied,  211 
in  North  Africa,  3 
marketed,  characteristics  of,  162 
mining  begun,  3 
movement  in  soil,  216 
origin  of,  149 

plants  capable  of  using,  165 
reserves,  158 
sedimentary,  148 
sintering,  194 
soft,  152 

soils  adapted  to  the  use  of,  163 
solubility  in  citric  acid  of,  163 
superphosphate  vs.,  165,  210 
Tennessee,  brown,  composition  of, 
154 

types  of,  154 
white,  154 

reserves  of,  155 
value  vs.  superphosphate,  180 
world  consumption  of,  162 
world  production  of,  159 
South  Carolina,  analysis  of,  156 
Tennessee,  composition  of,  153 
treatment  with  acid,  185,  186 
white,  composition,  154 
world,  deposits  of,  150 
reserves  of,  161 

Phosphates,  availability' of,  212 
to  plants,  408 

influence  of  pH  values  on  fixation  of,  346 
loss  from  the  soil,  216 
organic,  availability  of,  202 
relative  value  of,  180,  211 
Phosphatic  fertilizers,  choice  of,  408 
Phosphazote,  106 

Phosphoric  acid,  citrate-insoluble,  207 
citrate-soluble,  206,  364 
determination  of,  206 
content,  of  American  soils,  389 
of  fertilizers,  276 
of  southeastern  soils,  217 
determination  of  available,  207 
water-soluble,  205 
effect  on  earliness  of  cotton  of,  214 
influence  of,  on  maturation,  213 
on  plant  growth,  393 
on  root  development,  213 
manufacture,  by  furnace  process,  188 
by  wet  method,  188 
meaning  of  term,  181 


Phosphoric  acid,  precipitated,  206 
reverted,  206  f 
soil  content  of,  217 
testing  for,  430 
water  soluble,  206 
world  consumption,  20 

Phosphorite,  149 

Phosphorus,  content  of  crops,  216,  272 
determination  of  organic,  208 
importance  in  agriculture  of,  213 
in  earth's  crust,  148 
loss  from  soil  in  drainage,  216 
pentoxide,  181 
uptake  by  plants,  203 
Physical  characteristics  of  soils,  388 

composition  of  soil  as  related  to  ferti¬ 
lizer  use,  388 
Pierre’s  values,  342 

Pigments,  addition  to  fertilizers  of,  71 
Placement  of  fertilizer,  450,  451 
influence  of  weather  on,  468 
Plant,  ash,  1 

fertilizing  system  based  on  composi¬ 
tion  of,  416 

deficiency  symptoms,  compound,  404 
key,  for  flowering  plants,  401 
for  fruit  trees,  402 
for  tobacco,  400 
meaning  of  term,  351 
food,  351 

consumption  of,  356 
nutrients,  test  for  availability,  415 
tissue  tests,  425 

Plants,  fertilizer,  location  of,  368 
Plastering  land,  283 
Polyhalite,  246 
Poor  man’s  manure,  235 
Porphyry  copper,  mine  tailings,  potash 
from,  239 
Pot  ashes,  232 

Potash,  consumption  in  the  United  States 
of,  262 

content  of  American  soils,  389 
crops  to  which  applied,  263 
deposits.  New  Mexico,  247 
Utah,  249 

derivation  of  term,  232 
fertilizers,  choice  of,  409 
relative  value,  266 
use  of,  226 
fixation,  269 
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Potash,  foreign  sources  of,  259 
French  sources  of,  249 
from  Great  Salt  Lake  desert,  238 
from  Nebraska  lakes,  237 
from  sea  water,  235 
from  seaweed,  235 
German  deposits  of,  249 
in  flue  dust,  233 
in  Georgia  shales,  241 
in  greensand,  240 
industry,  226 

by-products  of,  257 
European,  227 
United  States,  228 

influence  on  growth  of  apple  trees,  248 
loss  by  leaching,  269 
manufacture  of,  226 
minerals,  230 
insoluble,  239 
origin  of  word,  232 
production  of,  226 
quantity  to  apply,  266 
salts,  256 

composition  of  New  Mexican,  248 
deposits  of  American,  245,  246 
German,  exploitation  of,  3 
influence  of,  on  lime  requirement,  263 
on  soil  acidity,  262 
mining  of,  251 

production  in  United  States,  229- 
use  as  herbicide,  268 
world  reserves  of,  260 
soils  to  which  applied,  261 
sources  in  United  States  of,  229 
vegetable,  364 
water  soluble,  364 
when  to  apply,  265 
world  consumption,  20 
Potassium,  ammonium  nitrate,  107 

availability  of,  influence  of  soil  reaction 
on,  346 

excretion  by  plants,  270 
feldspars,  value  of,  242 
fixation  in  surface  soil,  270 
magnesium,  carbonate,  257 
sulfate,  manufacture  of,  255 
metaphosphate,  108,  191 
nitrate,  106 

deflocculation  of  clay  by,  107 
orthophosphate,  108 
phosphate,  calcium  phosphate  vs.,  212 


Potassium,  radioactive  element,  265 
silicate,  257 

sulfate,  manufacture  of,  256 
Potato,  scab,  control  of,  277 
sickness,  299 
Potazote,  106 

Potentials,  standard  electrode,  nutrient 
ion,  423 

Precipitated  phosphate,  194 
Previous  treatment  of  soils  as  related  to 
fertilizer  use,  390 
Price  of  fertilizer,  wholesale,  376 
Price  paid  for  fertilizer,  374 
Producer-gas,  79 
Productivity  of  land,  387 

soils,  factors  determining,  437 
Proteid  organic  fertilizers,  112 
cost  of  nitrogen  in,  146 
Pumpkin  pomace,  131 
Purdue  tests,  426 
Pyrites,  in  Virginia,  284 
reserves  of,  284 

Q 

Quantity  of  fertilizer  to  apply,  453 
to  fish  ponds,  474 
Quenched  slag,  287 

R 

Radium,  use  as  a  fertilizer,  354 
Rapeseed  meal,  130 
Rapid  chemical  test,  429 
Rarer  elements,  301,  411 
functions  of,  301 
influence  of,  413 
Ratios,  fertilizer,  365,  436 
Reaction  of  American  soils,  338 
Recommendations  of  National  Joint  Com¬ 
mittee  on  Fertilizer  Applica¬ 
tion,  469 
Red  muriate,  255 
Reducing  fertilizer  cost,  413 
Renderer’s  tankage,  118 
Response  of  crops  to  plant  nutrients,  398 
Returns  from  fertilizer  use,  385 
Reverted  tricalcium  phosphate,  availability 
of,  225 

Rhenania-Phosphate,  178,  194 
Rock  phosphate,  149 
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Rock  phosphate,  potash  fertilizer,  243 
Rothamsted,  2 

Experiment  Station,  Broadbalk  held,  6, 

19 

founding  of,  5 
Hoos  field,  61 
House,  6 
Memoirs,  5 
Rubber  seed  meal,  131 
Rust,  cotton,  267 
Rutabagas,  roan  of,  312 

S 

Salduro  Marsh,  potash  from,  238 
Salt  content  of  soil  solution,  effect  of  fer¬ 
tilizer  grade  on,  411 
Sand  drown,  299 
Schedule  of  trade  values,  373 
Searles  Lake,  potash  from,  236 
Seaweed,  235 

Secondary  essential  elements,  271 
Serpentine  superphosphate,  191 
Sewage,  activated,  128 
sludge,,  Imhoff,  129 
Shale,  composition  of  Georgia,  241 
Shine  ash,  232 
Side  dressing  fertilizer,  447 
Silicate,  calcium,  286 
quenched,  288 

Silicon,  function  in  soil  of,  334 
phosphorus  replacement  by,  334 
plant  content  of,  333 
response  to,  333 

Single-strength  mixed  fertilizers,  109 
Soda,  41 

Sodium,  chloride,  application  of,  330 

potassium  chloride  and,  crop  response 
to,  332 

fertilizers,  application  of,  329 
function  in  plant,  327 
influence  on  plant  growth,  327,  328 
nitrate,  application,  in  irrigation  water, 
50 

Arcadian,  40 
bagging  of,  45 
availability  of,  42 
by-products,  38 

Champion  brand,  composition  of,  40 
Chilean,  boron  content,  41 
brands  of,  38 
Champion  brand,  39 


Sodium,  nitrate,  Chilean,  deposits  of,  29 
nature  of,  31 
origin  of,  29,  30 
imports  of,  37 
iodine  content,  41 
manganese  content,  41 
mining  of,  32 
old  style,  39 
standard  brand,  39 
composition  of,  40 
effect  on  soil  structure,  42 
efficiency  of,  47 
exhaustive  effect  of,  46 
how  to  apply,  46 
importation  of,  13 

influence  of,  on  conservation  of  soil 
lime,  45 

on  liberation  of  potash,  44 
on  lime  requirement,  43 
on  soil  acidity,  42,  43 
on  soil  flora,  49 
on  yields,  47 
leaching  qualities  of,  62 
mixing  superphosphate  with,  90 
old  style,  composition  of,  40 
plant  recovery  of  nitrogen  from,  48 
production  of,  28 
quantity  to  apply,  49 
relative  crop-producing  value,  110 
relative  value  of  ammonium  sulfate 
and,  64 
reserves  of,  29 
residual  effect  of,  49 
solubility  in  water,  67 
source  of,  28 
synthetic,  37,  102 
manufacture  of,  39 
use  of,  28 

in  arid  and  semiarid  regions,  44 
value,  compared  to  ammonium  sul¬ 
fate,  61 
for  cotton,  71 
of.  brands,  48 

visible  influence  on  plant  growth,  46 
plant  response  to,  329 
potassium  nitrate,  108 
presence  of,  in  plants,  328 
in  soils,  328 

response  of  crops  to,  327 
Soil,  acidity,  influence  of  superphosphate 
on,  209 
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Soil,  composition  as  related  to  crop  use 
386 

conservation,  birthplace  of,  386 
groups  of  the  United  States,  338 
reaction,  336 

adjusting,  use  of  agricultural  lime  in, 

340 

use  of  aluminum  sulfate  in,  343 
use  of  nonacid-forming  fertilizer  on, 

341 

use  of  sulfur  in,  343 
influence,  of  parent  material  on,  339 
of  soil  management  on,  339 
on  availability,  of  boron,  349 
of  calcium,  347 
of  copper,  349 
of  iron,  348 
of  magnesium,  347 
of  manganese,  349 
of  nitrogen,  345 
of  phosphorus,  345 
of  potassium,  346 
of  zinc,  349 

nutrient  availability  as  influenced  by, 
344 

of  American  soils,  338 
solution,  influence  of  fertilizer  salts  on 
concentration,  472 
testing,  methods  of,  431 
Soils  deficient,  in  nitrogen,  405 
in  phosphoric  acid,  405 
in  potash,  405 

Solubility  of  fertilizer  salts,  421 
Soluble  fertilizer,  application  of,  467 
Solutions  of  fertilizer,  equipment  for  ap¬ 
plying,  460 
Solvay  process,  38 
Soot,  140 
Soybean  meal,  131 
Spectrogram  of  apple  leaf  tissue,  434 
Spectroscopic  analysis,  433 
Stable  manure,  435 

Standard  electro  potentials  of  soil  mate¬ 
rials,  423 

Standardization  of  grades,  376 
Starter  solutions,  448 
State  experiment  stations,  5 
Substitution  of  elements  in  plants,  327 
Subterranean  soluble  potash  salts,  nature 
of,  250 
origin  of,  250 


Sulfate,  ferrous,  spraying  plants  with,  303 
magnesium,  297 
zinc,  application  of,  314,  325 
Sulfur,  added  to  soil  in  rain  water,  274 
an  essential  element,  271 
applications  of,  induced  acidity  from, 
271 

availability  of,  276 
crop  content  of,  272 
elemental,  274,  277 
in  fertilizers,  276 
in  rain  water,  274 

influence  on  growth  of  plants  of,  278 
inoculated,  278 
lost  in  drainage  water,  273 
minerals  containing,  276 
necessity  for  applying,  275 
oxidization  of,  277 
plant  deficiency  symptoms  of,  272 
raw,  275 
reserves  of,  280 
soils  deficient  in,  273,  275 
sources  in  United  States,  276 
use  for  correcting  alkalinity,  279 
use  of  elemental,  277 
Sulfuric  acid  manufactured  from  gypsum, 
283 

Superphosphate,  ammoniated,  224 
ammoniation  of,  218 
chemical  changes  in,  222 
application  of,<212 
bone,  175 

composition  of,  193 
-v.  concentrated,  190,  288 
manufacture  of,  191 
value  of,  192 
double,  191 

effect  on  maturity  of  tomatoes  of,  215 
fixation,  200 
high  analysis,  8 

influence  of,  on  growth  of  alfalfa,  213 
on  soil  reaction,  209 
on  soil  structure,  209 
manufacture  of,  3,  181 
methods  of,  182 
manufacturing  plants,  10 
mixing,  ammonium  sulfate  with,  56 
fertilizer  with,  203 
normal,  composition  of,  193 
ordihary,  characteristics  of,  192 
manufacture  of,  186,  187 
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Superphosphate,  rapidity  of  fixation  in 
soil,  200 

residual  influences  of,  208 
reversion  in  soil,  196 

method  of  decreasing,  201 
seed  injury  resulting  -from  application 
of,  464 

serpentine,  191 
source  of,  183 
triple,  191 

undesirable  mixtures  of,  203 
use  of,  181 

value  for  reinforcing  manure,  168 
when  to  apply,  212 

Superphosphate  vs.  phosphate  rock,  210 
Supra-Phosphate,  178,  194 
Sylvinite,  253 
Sylvite,  253 

Symptoms  of  deficiency,  nitrogen,  392 
phosphoric  acid,  394  . 
potash,  395 

Synthetic  ammonia  plants  in  United 
States,  81 

Systems  of  fertilization,  415 

T 

Tankage,  garbage,  128 
packers,  118 
process,  118 
Tenderers,  118 
source  of,  117 

Tennessee  Valley  Authority,  materials  dis¬ 
tributed  by,  7 
Tests,  for  availability,  414 

of  soil  and  plant  needs,  biological,  423 
Theory  of  mineral  up-take  by  plants,  391 
Thermo-Phosphate,  179 
Thiocyanates,  55 

toxic  properties  of,  56 
Thomas  phosphate,  177 
Thornton  test,  427 
Time  to  apply  fertilizers,  445 
Tobacco  stems,  232 
Tomato  pomace,  131 

superphosphate  influence  on  maturity, 
215 

Top  dressing  fertilizer,  447 
Trace  elements  in  fertilizers,  327 
Treble  superphosphate,  191 


Tricalcium  phosphate,  availability  of  re¬ 
verted,  224 
Tung,  bronzing  of,  324 
Turnips,  brown  heart  of,  312 

U 

UAL-37,  221,  225 
Under  ammoniation,  223 
Unit  basis  of  purchase,  370 
Uramon,  97 

characteristics  of,  97 
Urea,  97 

changes  in  the  soil  of,  98 
characteristics  of,  97 
formation  from  cyanamide,  91 
influence  on  soil  acidity,  99 
manufacture  of,  97 
relative  crop-producing  value  of,  110 
solubility  in  water,  67 
use  of,  in  mixed  goods,  98 
in  tobacco  beds,  99 
value  for  cotton,  71 
Urea-Ammonia  Liquor,  221 
availability  of,  225 

Use  of  fertilizer,  composition  of  soil  af¬ 
fecting,  386 

influence  of  character  of  crop  on,  391 
relation  of  previous  treatment  of  soil  to, 
390 

Use  of  single  fertilizer  materials,  382 

V 

9 

Vegetable  ash,  232 
potash,  254 
Velvet  bean  meal,  131 
Ville  system  of  fertilization,  415 
Vitamins,  fertilizing  value  of,  397 

W 

Wagner  Method,  208 

Wagner  system  of  fertilization,  415 

Walnut  trees,  yellows  of,  324 

Water  gas,  79 

Water-soluble  potash,  364 

Wet-mix  process,  367 

White  wilt  disease,  307 

Wilson  Dam,  75 

Wine  lees,  131 

Wood  ashes,  227,  231 
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Wood  ashes,  early  source  of  potash,  226 
influence  on  soil,  231 
leached,  232 
production  of,  231 
unleached,  232 
Wool  waste,  119 
potash  from,  233 

Z 

Zinc,  absorption  by  soils  of,  322 
an  essential  element,  322 


Zinc,  application  of,  323 

areas  of  United  States  showing  plant 
deficiencies  of,  315 
deficiency  of,  in  citrus,  323 
fertilizers,  application,  324 
in  soils,  320,  322 

plant  deficiency  symptoms  of,  facing  p. 
298 

quantity  required  by  plant,  322 
soil  fixation  of,  324 
toxicity  of,  324 
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